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and/or 

LATER 

To get the most out of analog data, 
you should be able to see it now or 
see it later, use it now or use it later. 
The ideal combination of recording 
instruments for making the most of 
your analog data is a Honeywell 
tape recorder, such as the compact 
Honeywell 8100 portable instrumen- 
tation recorder/reproducer, used 
with the Honeywell Visicorder 
Oscillograph. 

For immediate readout, the Visi- 
corder gives you an instantaneous 
record of 1 to 36 channels of data 
from DC to 5000 cycles per second. 
A variety of paper speeds from .1 to 
160 inches per second gives you the 
trace resolution you need. Five mod- 
els of the Visicorder are available. 
At the same time, you can record up 
to eight channels (plus voice and 
compensation) of data up to 10,000 
cycles on the 8100 portable. Later 
on, you can play selected portions of 
your data into the Visicorder. Four 
tape speeds (11-6,3 H, 15,and30ips) 
give you record and playback versa- 
tility for whatever frequency you’re 
recording. 

In the Honeywell 8100, several head 
and tape configurations are available 
(including 1R1G). All models have a 
built-in calibration panel, automatic 
switching of center frequencies, and 
a new, improved tape drive that cuts 
flutter to a minimum and eliminates 
tape breakage. A built-in monitor 
scope and voice channel are optional. 
In addition, Honeywell manufac- 
tures complete laboratory tape sys- 
tems with capacities of up to 60 
channels on 2-inch tape. 

For complete information about the 
Honeywell 8100, the Visicorder 
Oscillograph, and other recording 
equipment, contact your nearest 
Honeywell office, or write: Honey- 
well, Denver Division, Denver 10, 
Colo. Or call us direct at 303:794- 
4311. In Canada, contact Honeywell 
Controls, Ltd., Toronto 17, Ontario. 

DATA HANDLING SYSTEMS 


Honeywell 



FORERUNNER OF REACTION CONTROLS? 


Wondering what this ancient pumper has in common 
with reaction controls for aerospace applications? 
They're both based on the science of fluid dynamics 
. . . Vickers business for more than 40 years with 
emphasis on aerospace applications dating back to 
the early '40s. 

Current projects under study or development at 
Vickers Aerospace Division include: midcourse velocity 
correction and reentry steering, attitude control sys- 
tems and components, solid propellant rocket attitude 
control systems and components and proportional hot 
gas secondary injection. 

For any of these activities, the program manager 
has at his disposal the specialized skills, experience 
and facilities available only at Vickers. Groups of 
specialists in aerothermodynamics, fluid flow, sound, 
stress, vibration, instrumentation, systems analysis, 


valve development, materials and processes provide 
added assurance of success in attaining all the pro- 
gram's goals. 



% 


Vickers developments Include a bipropellant 60-pound 
thrust rocket motor (left) and 1 -pound thrust bipropellant 

" Harnessing Fluids for Airborne Uses 
porated Division, P.0, Box 307, Troy, Michigan. 





During the past four years this computer 
has successfully guided 133 consecutive missiles 
and satellites and has yet to be charged 
with a single countdown hold. 


Quick! What company makes it? 


If you know electronic data processing, 
you know the answer: Univac. 

The Univac system referred to is called 
“Athena®.” It was the first completely tran- 
sistorized computer ever delivered— back in 
May 1957. And it has performed reliably 
ever since. In fact, no comparable device in 
our nation’s space and missile projects can 
come close to equalling its performance 
record : reliability of Athena is 3500 hours 
between failures, nearly a half year of con- 
tinuous operation. 

Univac’s Athena has inserted Echo, 
Explorer, Tiros, OSO, Agena, Telstar, Relay 
and Syncom satellites into orbit from both 
Cape Canaveral and Vandenberg Air Force 
Base. Today there are Univac ground guid- 


ance systems at all Titan I missile sites. A 
special Air Force plaque honors Univac for 
“outstanding efforts and significant contri- 
bution to the Titan ICBM Program.” 

Unusual? Uncommon? Not if you know 

Univac. 

From the yesterday of Eniac and 
Binac, to the fluid mechanics, microelec- 
tronics and thin-film magnetic memories of 
today, Univac has made most of the indus- 
try’s major technical advances. Univac 
offers a quick response to every demand . . . 
outstanding scientific and engineering talent 
. . . total systems programming and manage- 
ment capability. Can this demonstrated com- 
petence work for you ? Quick . . . call Univac ! 

UNIVAC DIVISION OF SPERRY RAND CORPORATION 


AEROSPACE CALENDAR 


Aug. 26-28— Simulation for Aerospace Flight 
Conference. American Institute of Aero- 
nautics and Astronautics, Deshler-Hilton 
Hotel, Columbus, Ohio. 

Aug, 26-28— Conference on Physics of Entry 
into Planetary Atmospheres, American 
Institute of Aeronautics and Astronautics, 
Massachusetts Institute of Technology, 
Cambridge, Mass. 

Aug. 27-30— National Conference and Inter- 
national Data Processing Exhibit, Assn, 
for Computing Machinery, Denver Hil- 
ton Hotel, Denver. Colo. ' 

Sept. 4-6— Numerical Control Workshop 
Seminar. Cleveland, Ohio. Cosponsors: 
American Society of Tool and Manufac- 
turing Engineers; Thompson Ramo 
Wooldridge. 

Sept. 8-11— International Symposium on 
High-Temperature Technology, Asilomar, 
Calif. Sponsor: Stanford Research Inst. 

Sept. 8-11— Annual Meeting, Air Industries 
Assn, of Canada. Manoir Richelieu, Mur- 

Sept. 8-20— 14th Annual Statistical Quality 
Control Institute, University of Connecti- 
cut, Storrs, Conn. 

Sept. 9-11— Seventh National Convention 
on Military Electronics, Institute of 
Electrical and Electronics Engineers, 
Shoreham Hotel, Washington, D. C. 

Sept. 9-12-1 8th Annual Instrument-Auto- 
mation Conference & Exhibit, Instrument 
(Continued on page 7) 
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This calculator squares numbers and 
extracts square roots automatically 


And it’s the only desk calculator in 
the world that does; the Friden 
SRQ Calculator. 

To square a number, simply enter 
it on the keyboard, and touch one 
key. The answer appears in the 
upper dials. 

To extract a square root, simply 
enter the number on the keyboard, 
and touch one key. Your answer 
then appears in the lower dials. 
These exclusive features, plus 
Friden fully automatic division 
and touch-one-key multiplication, 
free you for important tasks. The 
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Friden fully automatic Calculator 
performs more figurework steps 
automatically than any other desk 
calculator you can buy. 

No engineer or statistician should 
be without a Friden SRQ. 

For a 10-minute, no-obligation 
demonstration, call your local 
Friden man. Or write: Friden, 
Inc., San Leandro, California. 

Friden 




Continuum I: today and tomorrow in information-systems technology 



Information Retrieval 


Instant Bookmark 

The technology of information retrieval is one of the major con- 
cerns of SDC. For some time, our Satire system (semi-automatic 
technical information retrieval) has been capable of quickly pin- 
pointing, at widely separated SDC facilities, desired technical 
documents and authors’ names. Satire can be operated by remote 
control, the only such system that can be so operated. A still 
newer SDC development is Protosynthex I, which is a phase of 
Synthex, our long-range project to teach computers to read and 
write English. Protosynthex is now able, almost instantly, to find 
single paragraphs within the complete text of an article or docu- 
ment. Next will come the ability to extract individual sentences 
and facts. As SDC continues to make noteworthy progress in 
many areas of information-systems technology, a number of new 


positions have been created on several of these major projects. 
Human factors scientists, operations research scientists, systems- 
oriented engineers, and computer programmers interested in join- 
ing this rapidly expanding technology are invited to write 
Mr. A. I. Granville, Jr., SDC, 2432 Colorado Avenue, Santa 
Monica, California. Positions are open at SDC facilities in Santa 
Monica; Washington, D.C.; Lexington, Massachusetts; Paramus, 
New Jersey; and Dayton, Ohio. An SDC brochure on informa- 
tion retrieval also is available. Requests 
for this new brochure should be sent to 
Mr. Granville at Santa Monica. "An 
equal opportunity employer.” 

System Development Corporation 



AEROSPACE CALENDAR 


(Continued from page 5) 
Society of America, McCormick Placi 


Sept. 9-12— Inter 


! on Pro- 


„ id Webste 
Hotel, Pittsburgh, Pa. 

Sept. 1042— National Symposium on Space 
Rendezvous, Rescue and Recovery, Ed- 
wards AFB, Calif. Sponsors: American 
Astronautical Society; Air Force Flight 
Test Center. 

Sept. 10-12— New York University's Third 
Annual Air Transport Conference, Wash- 
ington Square Center, New York, N. Y. 

Sept. 11-15— 17th Annual National Con- 
vention & Aerospace Panorama, Air Force 
Assn., Shcraton-Park and Shorcham Ho- 
tels, Washington, D. C. 

Sept. 16-18— International Aviation Re- 
search and Development Symposium, At- 
lantic City, N. J. Sponsor: FAA. 

Sept. 18-19—1963 Airwork Operations and 
Maintenance Symposium, Millville, N. J. 

Sept. 19-20-Third Annual Conference on 
Environmental Effects on Aircraft Sys- 
tems, U. S. Naval Air Turbine Test Sta- 
tion. Trenton, N. J. 

Sept. 20-21-1 1th Annual Conference on 
Communications (Microelectronics), In- 
stitute of Electrical and Electronics En- 
gineers, Hotel Roosevelt, Cedar Rapids, 

Sept. 20-29— Ninth Annual Houston Inter- 
national Trade & Travel Fair, Sam Hous- 
ton Coliseum, Houston, Tex. 

Sept. 23-25— Symposium on Aeroelastic and 
Dynamic Modeling Technology, Biltmorc- 
Hilton Hotel, Dayton, Ohio. Sponsors: 
Air Force Systems Command's Aeronauti- 


cal Sy 


Systems Div.; < 
23-27-Nations 


AIA. 


al Aeronautic and Space 
isiiginecring and Manufacturing Meeting 
and Display, Society of Automotive Engi- 
neers, Ambassador Hotel, Los Angeles. 

Sept. 23-27 — International Telemetering 
Conference, Savoy Place, London, Eng- 
land. Sponsors: Institution of Electrical 
Engineers (London); American Institute 
of Aeronautics and Astronautics; Institute 
of Electrical and Electronics Engineers; 
Instrument Society of America. 

Sept. 24-26— 16th Annual Convention and 
Aircraft Show, National Business Aircraft 
Assn., Shamrock-Hilton Hotel. Houston. 

Sept. 25-26— Second Annual Symposium on 
the Physics of Failure in Electronics, Chi- 
cago. 111. Sponsors: Rome Air Develop- 
ment Center; Armour Research Founda- 

Scpt. 26-Oct. 1— 14th Congress, Interna- 
tional Astronautical Federation, Paris. 

Sept. 27-28— Society of Experimental Test 
Pilots’ Seventh Annual Report to the 
Aerospace Profession and Awards Ban- 


ploration Meeting, American Institute o! 
Aeronautics and Astronautics, Cabana 
Motor Hotel, Palo Alto, Calif. 

Sept. 30-Oct. 2— Canadian Electronics Con- 
ference, Inst, of Electrical and Electron- 
ics Engrs., Exhibition Park, Toronto. 

Oct. 1-3— Eighth National Symposium on 
Space Electronics, Institute of Electrical 
(Continued on page 9) 


NOW from DEI 

Versatile . . . Proven . . . Modular 


VHF/UHF Telemetry Receiver 



• Video Amplifier Response DC to 1 me with 
Impedences Selectable 75 or 600 ohms 


• AFC Optional on all RF Heads 

• Multiple Bandwidth Front Panel Switchable 
IF Amplifiers 

• Multi-Range Deviation Meter Calibrated 
Directly in KC 

Immediately available from Defense Electronics, Inc. is the versatile, field- 
proven, completely-modular TMR-5A telemetry receiver. 

This reliable unit will currently accept 14 plug-in tuning heads ... 14 
plug-in IF strips and six demodulators ... any one of which can be easily 
removed from the receiver in seconds. Additional heads, demodulators 
and IF amplifiers are available upon request. 

Plug-in RF heads can be instantly installed or removed from the receiver 
to provide the required frequency range by merely using the "single- 
action" pull out handle. 

The video drawer also can be speedily converted by the various plug-in 
IF strips, ranging from 3 KC to 2.4 MC, and plug-in demodulators for FM, 
AM, PM and FM phase-lock applications. 

This unit is particularly suitable for conical scan'antenna tracking, dual 
diversity combining and predetection record/playback applications. 


Write for DEI bulletin TMR-5A .. .or calls 

Defense Electronics, Inc. 

Main Officer 

54 55 Randolph Rd. Phone: WH 6-2600 

Regional Office: Sherman Oaks, Calif. Phone: 873-4322 



DEI 

SERVING 
GOVERNMENT 
AND INDUSTRY 
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All-Weather flight management. Routine operation in any weather has long been the goal of avia- 
tion— and a prime engineering target at Sperry. We have devoted years to the problem— refining tech- 
niques, merging the technologies involved, closing the gap. □ Latest Sperry systems for military and civil 
needs include: (l) windshield projections of flight and command data, with Beacon - 
Vision runway displays; (2) automatic pilots many times more reliable than current 
standards; (3) high-accuracy radio altimetry for automatic flare and landing; (4) auto- 
matic throttle and speed controls; (5) instrument and autopilot comparitor-monitors; 

(6) new two-axis Flight Directors for extended path and flare; (7) world-standard 
Gyrosyn® Compass and vertical gyro systems. SPERRY PHOENIX CO., Phoenix, Ariz. corporation 



AEROSPACE CALENDAR 

(Continued from page 7) 
and Electronics Engineers, Fontainbleu 
Hotel. Miami Beach, Fla. 

Oct. 1-3— National Aerospace Nuclear Safety 
Topical Meeting, American Nuclear So- 
ciety. Albuquerque, N. M. Co-sponsors: 
Los Alamos Scientific Laboratory; AEC 
Albuquerque Operations Office; AF Spe- 
cial Weapons Center; AF Directorate of 
Nuclear Safety; Sandia Corp.; University 
of New Mexico. 

Oct. 1-3— Symposium on Physics and Non- 
destructive Testing (unclassified), San 
Antonio, Tex. Sponsored by Southwest 
Research Institute. 

Oct. 2-4-National Assn, of Air Traffic Spe- 
cialists, Shcraton-OHahoma Hotel, Okla- 
homa City, Okla. 

Oct. 7-9-Ninth National Communications 
Symposium, Institute of Electrical and 
Electronics Engineers, Hotel Utica, Utica. 

Oct. 7-11— International Air Transport Assn. 
19th Annual General Meeting, Rome, 
Italy. 

Oct. 8-10— 10th Annual Air Force Science 
and Engineering Symposium, Air Force 
Academy, Colo. Sponsors: Office of Aero- 
space Research; AFSC. 

Oct. 8-10— National Airport Conference, 
Norman, Okla. Sponsors: American Assn, 
of Airport Executives & University of 
Oklahoma with the cooperation of the 
Federal Aviation Agency. 

Oct. 9-11— 21st Annual Aerospace Electri- 
cal /Electronics Conference, Aerospace 
Electrical Society, Pan Pacific Auditor- 
ium, Los Angeles, Calif. 

Oct. 12-21—1963 General Conference, Fed- 
eration Acronautique Internationale, Mcx- 

Oct. 13-1?— 16th Annual Meeting and Con- 
ference, Airport Operators Council, 
Roosevelt Hotel, New Orleans, La. 

Oct. 14-16— Eighth Annual Exposition and 
Symposium, Air Traffic Control Assn., 
Statler Hilton Hotel, Dallas, Tex. 

Oct. 15-18— Eighth Symposium on Ballistic 
Missile and Space Technology, Naval 
Training Center, San Diego, Calif. Spon- 
sors: AF Space Systems Div.; AF Ballistic 
Systems Div.; Aerospace Corp. 

Oct. 16-18-Tenth National Vacuum Sym- 

t osium, American Vacuum Society, Stat- 
:r Hilton Hotel, Boston, Mass. 

Oct. 17-18; Oct. 21-22— Ninth Anglo- 


of Aeronautics and Astronautics-Canadian 
Aeronautics and Space Institute-Royal 
Aeronautical Society. Massachusetts In- 
stitute of Technology, Cambridge, Mass, 
(Oct. 17-18). Queen Elizabeth Hotel. 
Montreal, Canada (Oct. 21-22). 

Oct. 21-23— Tenth Annual East Coast Con- 
ference on Aerospace and Navigational 
Electronics, Institute of Electrical and 
Electronics Engineers, Emerson Hotel, 
Baltimore, Md. 

Oct. 22-24— Conference on Expandable 
Structures, National Cash Register Co.'s 
Sugar Camp, Dayton, Ohio. Sponsor: 
Aeronautical Systems Division’s Propul- 
sion and Flight Dynamics Laboratories. 

Oct. 29-31— International Symposium on 
Plasma Phenomena and Measurements, 
Institute of Electrical and Electronics 
Engineers, El Cortez Hotel, San Diego, 
Calif. 


Hydraulic pressure control 

servo valve: for high flow 
with low pressure drop. Two 

stages. Modular design. 
Peak dynamic perform- 
ance. Precisely built. 



This electrically operated dual hydraulic pressure control valve is used in Hydro-Aire’s 
famous Hytrol Mark II brake control system. It facilitates the highly sensitive and con- 
tinuous variation in brake pressure (from zero to full system pressure) required by Hytrol 
Mark II; and it achieves this variation rapidly and without step action. It is a two-stage 
valve. The first stage (not shown) is a polarized torque motor. The motor provides a pres- 
sure differential in the servo valve proportional to the current it receives; and this differen- 
tial pressure output is essentially independent of flow magnitude. The electro-magnetic 
portion of the first stage is isolated from the hydraulic fluid, eliminating the need for 
magnetic filtration. A replaceable cartridge filter acts as a secondary protection against 
contamination. Here is just one example of precise and advanced hydraulic system 
components built by Hydro-Aire. In substantial quantities. We are qualified for this work; 
we are equipped for it. Whether your need is for a pressure control servo valve— or for 
a complete electro-hydraulic system that utilizes such valves— we'd like to hear from you. 


Hydro-Aire 



Hydro-Aire / 3000 Winona Avenue, Burbank, California /Victoria 9-1331 


AVIATION WEEK & SPACE TECHNOLOGY, Augurl 19, 1963 







MIGHTY 

BIG 

FACTOR 

WHEN SWITCH RELIABILITY IS REALLY VITAL 


The fact that MICRO SWITCH has had many years of experi- 
ence In producing this sub-miniature switch can be a mighty 
important factor in the reliability of your products— important 
whether you specify this or any of the thousands of other 
switches made by MICRO SWITCH. 

Why? Building high precision and reliability into such a 
small switch is ope of the toughest jobs in the switch business. 
Yet this sub-miniature has enjoyed years of unmatched success 
throughout industry in applications where space and depend- 
ability are critical. You take full advantage of this experience 
and reputation when you include any MICRO SWITCH switch 
in the equipment you make. 


For details on MICRO SWITCH reliability control, write for 
the booklet, "Quality Assurance For Our Customers," or con- 
tact our Branch Office nearest you (See Yellow Pages). 

" 1SX" Sub-miniature Switch shown above. Size: .35" x SO" x 
.20". Rating: 7 amps. IIS or 230 vac.; 4 amps. ind. and 7 amps, 
res., 28 vdc. 

MICRO SWITCH 

FREEPORT. ILLINOIS 
A DIVISION OF HONEYWELL 

IN CANAOA: HONEYWELL CONTROLS LIMITED, TORONTO 17, ONTARIO 
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Providing reinforced plastic materials that tame 6000°F exit cone 
gasses, the erosion of liquid ablative thrust chambers, the thermal 
shock of re-entry bodies is the principle business of U.S. Poly- 
meric Chemicals. □ Poly-Preg* pre-impregnated plastic ablative 
materials, filament winding roving, laminating stocks, molding 
compounds and tapes have contributed to the success of a host of 
aerospace projects. And, in concert with prime contractors. U.S. 
Polymeric continues to develop materials that meet the formidable 


requirements of crucial programs. □ Poly-Preg reinforcement 
materials include glass, silica, quartz, carbon, graphite, asbestos. 
Nylon, zirconium and others. Resin systems include phenolics, 
epoxies, polyesters, silicones, melamines and phenyl silanes. □ 
Moreover, U.S. Polymeric, as the leader in its field, is in the posi- 
tion to provide state-of-the-art materials at highly competitive 
prices, unmatched quality assurance and top technical assistance. 
□ Write for Ablative Materials Selector File A. 



Leader in research, development and supply of reinforced plastic prepreg materials for aerospace applications 
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Shock system preserves post-attack reliability 


Poised in underground silos, radio antennas are ready to pop-up for defensive post- 
attack communications to Titan IE launch sites. But first, they must live through the 
attack. ■ Assuring survival is the job of special Lord shock mounting assemblies, 
engineered and produced for General Electric Company, systems contractor for 
Titan IE communications. ■ Using both elastomeric mountings and steel springs, 
the system isolates the antenna from external blast effects. Attenuates vertical, radial 
and torsional shocks. Supports full antenna weight. Resists radiation. Protects so 
well that economical commercial-grade electronic components can be used. ■ What’s 
your vibration, shock or noise problem? Give us a challenge — then expect more. 
Contact : Lord Manufacturing Co., Erie. Pa. Field Engineering Offices in principal 
cities. In Canada: Railway & Power Engineering Corp.. Ltd. 






What new high speed tape transport means less down time? AMPEX TM-5 


Here’s how it's done. The highly stable, solid 
state servo requires less adjustment. Capstan 
rollers are quickly changed. Settings are quickly 
made. The head assembly is isolated. (This 
makes the tape path highly stable. In fact, dy- 
namic skew at start time is less than dynamic 
skew continuous.) And precision practices re- 
duce static skew. There’s no tape flap; an erase 
head isn’t needed. Positive safety interlocks 
eliminate tape damage. Instantaneous speed 



variation has been reduced. Plus: up to 150 ips 
tape speeds; 2 ms maximum start time; 1.5 ms 
maximum stop time; 800 bpi capability with or 
without clock track; available as a complete 
tape memory system with transfer rates up to 
240 kc. And above all, there's Ampex reliability 
and ruggedness throughout. The TM-5 is made 
by the Ampex Computer Products Co., Culver 
City, Calif. For information write Ampex Corp., 
Redwood City, Calif. Worldwide sales, service. 
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Cubic offers first solid-state, 10-watt and 2-watt 
telemetry transmitters to meet full IRIG standards 


Cubic’s new Type IV Telemetry Transmitter is the first all solid-state, 
2-watt airborne unit to meet all the standards established by the Inter- 
Range Instrumentation Group. Rugged construction is employed through- 
out, including use of a casting for the chassis and internal r-f shielding. 
The Type IV measures 5" x 3Ji" x 2)5", weighs only 28 oz., and is suit- 
able for all missile environments. It has been selected for use on a major 
satellite series. 

Cubic Type IV is a crystal-controlled, frequency-modulated transmitter 
for the 225-260 me range. It exhibits the low power drain and long life 
required for space vehicle applications. A Type V Transmitter, measur- 
ing 5" x 3K" x 4!5" and weighing only 56 rz., is also available. It provides 
10-watt output by means of additional stages of amplification. 

These new telemetry transmitters are available for fast delivery. For 
more information, write to Dept. B-171, Cubic Corporation, San Diego 
23, California. 


SPECIFICATIONS 

TYPE IV TELEMETRY TRANSMITTER 

Size: 5"x3K"x2S" 

Weight: 28 oz. 

Power output: 2-watts minimum 
Power input: 0.8 amps max. 22 to 
29 VDC 

Deviation sensitivity: for 5V peak- 
to-peak input signal ±120KC 
(Selectable ±60KC, ±30KC) 
Temperature: -30°F to +165°F 
Mod. Freq. Resp.: to 100KC 
Shock: 30G 

Vibration: up to 15G at 3000 cps 
Altitude: up to 8 X 10“*/in. Hg. 



CUBIC 

CORPORATION 


SYSTEMS DIVISION 


LEADER IN INDUSTRIAL, GEODETIC AND AEROSPACE ELECTRONICS 



*lf you need reliable, no-leakage seals 
— almost any configuration — 
gel the fads about Gask-O-Seals. 
A FREE engineering consultation 
service is available nationwide. 
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Could you help give 
our military commanders 
one more second for 
decision and action? 

MITRE'S principal mission is to help 
make war impractical. 

Example — the design and develop- 
ment of systems that enable military 
commanders to detect attack and 
retaliate instantly and conclusively. 
Or the creation of systems that can 
survive nuclear bombardment. 
Systems for space communication; 
16 


systems for nuclear detection; 
systems for localized military oper- 
ations; systems to help end mid-air 
collisions . . . these are some of the 
other assignments now underway 
at MITRE. 

This work is important to our country. 
It also presents one of the greatest 
challenges in the systems sciences. 
MITRE is located just 25 minutes from 
Boston in the middle of a fast-growing 
scientific community, near mountains 
and seashore. 

MITRE needs talented engineers and 
scientists. If you are interested, write 


Vice President — Technical 
Operations, The MITRE Corporation, 
Box 208 H, Bedford, Mass. Openings 
are also available in Washington, D.C. 
and Colorado Springs. Colorado. 


MITRE 

An Equal Opportunity Employer 




Listen! 


When the enemy strikes, nothing is so imperative as fast 
and reliable communications. That’s where the AN/FCC-17 
multiplexer plays a vital role. 

The AN/FCC-17 is used for the transmission of radar 
information, voice, teletype, digital voice, and all types of 
high-speed data via microwave and troposcatter. It is instru- 
mental in tactical missile control, fire control, and air-to- 
ground communications. 

Lenkurt Electric was chosen to design this system to spe- 
cifically meet the stringent requirements of universal military 
applications. The resultant system is a proprietary item of 
the U.S. Government-the only multiplexer of this type so 
designated. Capable of 100% data loading, and available in 
configurations up to 600 channels, the ultra-reliable, solid- 
state AN/FCC-17 can withstand the high shock levels of 


hardened missile bases or transportation over unimproved 

Although the system was designed to give superior per- 
formance over 6000-mile circuits, it has been proven over 
circuits of 15,000 miles. Already, there are more than 150 
fixed office, shipborne, airborne and mobile installations 
throughout the world. 

Lenkurt Electric Co., Inc., San Carlos, California. Other 
offices: Washington, D.C.; Rome, New York; Santa Monica, 
California; Cocoa Beach. Florida. 

LENKURT ELECTR/C 

GENERAL TELEPHONE 6 ELECTRONICS 



SIMMONDS SYSTEMS WILL MEASURE ALL THREE 

A unique, completely redundant measurement system utilizing both impedance point sensing and continuous capaci- 
tance gaging techniques has been developed by Simmonds for NASA's Project Apollo. This system will measure, tele- 
meter, and display fuel and oxidizer mass, as well as control propellant ratio aboard Apollo. Made up of separate 
sensors, signal conditioners, servo controls, proportioning valves, and digital displays, the overall system will have a 
high reliability consistent with Apollo mission requirements. Another Simmonds system will gage temperature and 
density of cryogenic and supercritical hydrogen and oxygen. May we apply these capabilities to your problem? 


SIMMONDS 

PRECISION PRODUCTS, INC. 


TARRYTOWN, HEW YORK • offices: hdmtsviile. al*. - biendaie. calif. - Washington, d.c. 

DAYTON. OHIO - DALLAS. 1EX. - SEATTLE, WASH. - LONDON, ENGLAND - AMSTERDAM, NETHERLANDS. 
SIMMONDS AEROCESSORIES OF CANADA. LID. - HAMILTON. ONTARIO 
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This is the new B.F.Goodrich “Cut-Protected” com- 
mercial aircraft tire for main wheel use. As the name 
implies, and tests have proved, the tire reduces car- 
cass cutting and damage, and increases the number 
of times the carcass can be re-treaded. This signifi- 
cantly reduces tire cost per landing. 

The “Cut-Protected” tire is built with shredded 
wires distributed through the undertread. This in- 
hibits cuts that do occur from growing, 
and damaging undertread and ply area. 

The shredded wire barrier is insulated 
from the tread by a double nylon shield. 

This stabilizes the tread rubber when aerospace and 


tire is under load and eliminates groove cracking. 

The barrier shield also gives the retreader a simple 
visual reference when buffing. The re-treading oper- 
ation is made more accurate and economical— and 
mistakes due to buffing too deep are eliminated. 

This new tire incorporates the advanced design 
and compounding that goes into other B.F.Goodrich 
aircraft tires— selected time after time for the tough- 
est jobs. For tires you can depend upon, 
specify BFG. Contact B.F.Goodrich Aero- 
space and Defense Products, a division of 
The B.F.Goodrich Company, Department 
defense products ATF-S, Akron 18, Ohio. 


EDITORIAL 


Survival in the Space Age 


(National Aeronautics and Space Administration, finding 
that public interest and congressional support lor its pro- 
grams arc waning, has begun to emphasize the contribu- 
tion it is making to the national defense (see p. 32). Dr. 
Homer E. Newell, director of NASA’s Office of Space Sci- 
ences. explained the importance of this groundwork in the 
introductory lecture at an artificial satellite conference in 
Blacksburg, Va„ last week. Because of the growing interest 
and concern over the military' aspects of space. Aviation 
Wf.kk & Space Technology is presenting significant ex- 
cerpts from Dr. Novell's talk.) 

The entire world is conscious of the man-in-space pro- 
gram. . . the primary objective of such a program is to 
develop the capability of man to operate and do things 
in space, and ... the means by which this is to be 
accomplished is to send men to the moon. 

. . . The Defense Dept, is working on applications of 
space to develop and maintain our military strength, 
that we may never be found wanting in any capability 
required to maintain our freedom and our safety. Also 
. . . this broad activity in space is undergirded by a pro- 
gram of advanced research in fundamental science and 
technology, carried out both in NASA and by the 
Defense Dept., to ensure our continuing capability to 
move forward along the most promising avenues of 
exploration, science, and application. 

The outcome of this broad program which occupies 
the early years of the space age will be of far-reaching 
consequences for our country and for the world. From 
the scientific and technological research will come 
precious additions to our stockpile of knowledge. As 
the fountainhead of those technical and engineering 
marvels that fill the scene today, such knowledge is 
rightly esteemed in today’s world. Among those technical 
and engineering marvels arc space applications, both 
civilian and military, the significance of which can be 
immediately appreciated. 

All of these are very important and valuable outcomes 
of our investment in space. But more important, far 
more important, is another outcome. 


Significance of the Present 

Out of this broad activity in space will come the 
ability of the United States to use space and to operate 
in space cither as it may choose to do voluntarily or niav 
find itself compelled to do in its own defense. The 
development of our ability to operate in space, including 
manned space flight gives to our country another dimen- 
sion in which to meet the challenges— both opportunities 
and threats— of the future. We can do engineering in 
space, advance our science in a way that cannot be 
accomplished at the surface of the earth, and extend 
the range of practical applications for the benefit of man. 


And, if necessary, we can thwart the attempts of any 
enemy to use space against us. 

In this day and age we cannot afford to ignore this 
last point. In our own self-interest, and for the safety 
of our country, we cannot permit others to develop space 
capabilities that we cannot match, and that may, there- 
fore. be used disastrously against us. 

This is a capability we must have to ensure our sur- 
vival in the space age as the independent, self-determin- 
ing nation that our forefathers set us up to be. and 
that we have always insisted on being. 

This is the capability that we shall have from the 
development of the ability' to investigate scientifically 
with satellites and space probes, from space applications, 
from the ability to perform manned space flight and 
manned space operations, from the vast complex of 
manufacturing and assembly plants, launching com- 
plexes, tracking and telemetering facilities, and from 
the invaluable experience that this initial stage in the 
space program will give us. 

This is the most significant point about the present 
era in space. This is the most important aspect of the 
present activity in space. 


The Necessary Capability 

We are now laying the groundwork for whatever role 
we may have to play in space in the future. We arc 
ensuring that no one will ever be in a position to use 
space against us while we, helpless and frustrated through 
lack of the necessary' space capability’, have to take what 
comes. 

In evaluating the space program, one must never lose 
sight of this broad aspect. It is this that gives the effort 
its urgency, and its compelling nature. The sum total of 
science, application, technology, manned flight through 
space, training of manpower, development, construction 
and operation of facilities, the strengthening of our mili- 
tary position in the world— which add up to our abilitv 
to choose our own destiny in space as we have done on 
earth— that gives to the space program its great value 
and importance to our total well-being. 

Those who argue that we should dispense with the 
frills of science and space exploration and concentrate on 
the necessities of military' development forget that we 
can’t really say what the military necessities in space will 
be. Our crystal ball is not that good, and it would be 
foolhardy to pretend that it is. We do not wish to de- 
velop a Maginot line in space, only to have it flanked by 
forces of greater flexibility. We need to develop in 
a broad way our space capability so that we shall have 
the ability to move in any direction required by future 
events to meet any threats along whatever lines they 
may develop. . . 
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... in evidence of the capability SPS offers you in hyper-precise threaded parts. This is hardware on a par 
with clean-room stuff. This is hardware made under the most exacting controls practiced in the nuclear/missile 
art today. Name your material — Rene, Haynes, zirconium, beryllium, moly, columbium, tungsten. Name your 
thread diameter — through 17 in., for example. Name your most stringent specs. SPS can meet them. And 
SPS can document the quality of every part it produces for you. This is capability not come by overnight. 
It derives from years of setting increasingly higher standards in precision fastening — for general industry, 
aviation, nucleonics, space. Contact STANDARD PRESSED STEEL CO., Precision Machined Parts Sales, 
Jenkintown 33, Pennsylvania (215-884-7300) • Santa Ana, California (714-545-9311). 


WHO'S WHERE 


In the Front Office 

Dr. Clark Millikan. Director of tire Grad- 
uate Aeronautical Laboratories at the Cali- 
fornia Institute of Technology, elected a 
director of Aerojet-General Corp.. Azusa. 

Edward J. Driscoll, appointed executive 
director of the Civil Aeronautics Board. 
Washington, D. C. 

Marvin F. Best, president of Newton 
Insert Co. and SpecaSerts. Inc.. Los An- 
geles, Calif., succeeding Robert Neuschotz. 
now board chairman. 

Bernard J. Bannan. president. Western 
Gear Corp.. Lynwood. 


Thomas J. E 


n. who contim 


is ehair- 


Dr. Harold M. DeGroff. president. Mid- 
west Applied Science Corp., West La- 
fayette. Ind. Dr. DeGroff has been granted 
two years’ leave of absence as head of Pur- 
due's School of Aeronautical and Engineer- 

Thomas J. Sullivan, president and board 
chairman. Systems Engineering Laborato- 
ries, Inc.. Fort Lauderdale, Fla., succeeding 
William W. Dodgson. Jr. who has joined 
Thiokol Chemical Corp. 

J. Frank Price, president. Plcasantvillc 
Instrument Corp.. Plcasantvillc. N. Y.. a 
subsidiary of GPL Div„ General Precision 

M. E. Karos. vice president-licensing. 
Radio Corporation of America. New York. 
N. Y., and Stephen S. Barone, division vice 
president-license operations. RCA Intema- 


Dupre. program director-Concordc Project. 
Air France. Jacques Scherer succeeds Mr. 
Dupre as executive vice president. Techni- 
cal Div. 

Frank D. Langstroth. a vice president. 
Hoffman Electronics Corp., Los Angeles. 
Calif., responsible for marketing. 

Ramon dc Murias and Roger V. Rosvc. 
vice presidents. Pan American-Cracc Air- 


Dr. Riccardo Ciac 


ring. Inc.. Cambridge. 
an^Ben^cpTrafvicc 


Calif. 


. El Scgundo. 


Capt. Donald C. Campbell. USN, now 
the Commanding Officer and Director of 
the U. S. Naval Radiological Defense Lab- 
oratory. San Francisco. Calif., succeeding 
Capt. E. B. Roth, retired. 

Honors and Elections 

Walter Kidde Sr Company, Inc. has been 
awarded the 1963 Airpower Achievement 
Trophy for outstanding contributions to 

The Military Air Transport Service 
(MATS) has been awarded the Talbott 
Trophy for excellence of procurement man- 


INDUSTRY OBSERVER 

► First in-flight shutdown of the Pratt & Whitney liquid hydrogen- 
fueled engines in the National Aeronautics and Space Administration- 
General Dvnamics/Astronautics Centaur upper stage may be attempted 
on the fourth Atlas-Centaur mission. Second Centaur vehicle, now 
scheduled to fly late in September or early in October, will carry about 
550 instrumentation sensors, chiefly for monitoring aerodynamic forces 
and the guidance and control system. Second Centaur is being programed 
to burn for about 380 sec. 

► Program to investigate techniques for determining the attitude of 
a passive satellite by means of signals bounced off the satellite from a 
ground station is planned by Rome Air Development Center. RADC is 
seeking qualified sources for the program, which is identified as U-4-96. 

► Air Force's Ballistic Systems Div. is considering plans for a two-stage, 
solid-propellant rocket approximately 118 in. in diameter and capable 
of being deployed in existing Minutcman silos. Payloads anticipated 
for the booster may range as high as nine tons. 

► An unusually sensitive piezoelectric transducer, originally designed 
as a micrometeoroid detector, has successfully detected the fetal heartbeat 
of a chicken embryo-thc first time this has been done without inserting 
probes into the egg. The device is expected to have widespread application 
in the space sciences, where a ragged, highly sensitive and extremely 
accurate sensor is required. The transducer was developed by Vernon 
Rogallo, brother of Francis Rogallo, who invented the Rogallo wing. 

► First flight of the Ling-Temco-Vought XC-142A tri-service VTOL trans- 
port prototype has slipped from next March to next July because contract 
overruns have required overtime to be held to a minimum in order to 
stay within the funding available. L-T-V has completed and released 
air engineering drawings to the shops: 80% of the tooling has been com- 
pleted. and about 40% of the detail parts have been fabricated, Ryan, 
a team member with Hiller on the XC-142A, has completed the first wing, 
and floor and fuselage are taking shape in assembly jigs at L-T-V. Hamilton 
Standard completed a 50-hr. test on the tail rotor gear box in a few days. 

► Program definition phase reports on a military communication satellite 
system, submitted last week to USAF's Space Systems Div. by General 
Electric and the team of Pliilco and Space Technology laboratories, both 
estimate weight of a second-stage Lockheed Agena plus six satellites at 
about 1,600 lb. Satellites generally will not carry dual equipment for 
standby service, although Philco has proposed use of two traveling-wave 
output tubes because it is the least-proved clement (AW July 29, p. 13). 

► High-performance Bell UII-1B testbed (AW Dec. 10, p. 52). which now 
has podded Continental J69-T-9 turbojets mounted externally on cither 
side of the cabin to boost perfonnancc into the 200-kt. regime, is 
expected to begin this portion of its evaluation program for the Army late 
next month. Modification is being performed by the Swearingen Corp., 
San Antonio, Tex. 

► USAF-Martin Titan 2 scheduled to fly from Cape Canaveral late last 
week was to carry the malfunction detection system intended for the 
Titan 2s that will launch the two-man NASA Gemini capsule. Titan 2 
has been off the Atlantic Missile Range for more than two months while 
USAF and NASA attempted to work out an integrated plan for testing 
various Gemini launch vehicle components on the seven missiles remaining 
in USAFs flight test series. 

► Avco-Everett expects to demonstrate next year a chemically powered, open- 
cycle-20 megawatt magnetohydrodynamic generator that will produce 
extremely high power for short periods of time from a low-cost, compact 
package. Advanced Research Projects Agency is supporting the project with 
space and other military applications in mind. 
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Corrosion at 
high pressures ? 


. . . Test HAYNES Alloys 

Haynes alloys have been tested in 
supercritical water, and in 25 per cent 
hydrochloric acid at temperatures 
and pressures that made most other 
metals say “uncle.” The penetration 
results at right speak for themselves. 

If high pressure is one of the factors 
in your corrosion problem, a Haynes 
alloy will probably be your answer. 

Let us send you samples for testing. 
Please describe the corrosive 
conditions. Also, ask for our 64-page 
booklet, “Corrosion Resistance of 
Haynes Alloys.” Union Carbide 
Stellite Company, Division of Union 
Carbide Corporation, 270 Park 
Avenue, New York 17, N. Y. 



ALLO Y S 


its" and "Union Carbide" are 
le marks of Union Carbide Corporation. 



Research Dilemma 


Senate Proposal 


Solids’ Future Gloomy 


SSD Dyna-Soar Role 


Washington Roundup 

Congress is groping for a way to control the billions of tax dollars being spent 
on modem science but the old traditions of seniority and committee prerogatives keep 
getting in the way. 

Senators and representatives, especially the younger ones, are admitting to guilty 
consciences about the haphazard way Congress approves research funds and are 
demanding new legislative machinery. 

One group of representatives is pressing for a special five-member committee, 
to be appointed by the House speaker, which would take a broad look at federal 
research any try' to coordinate it and find soft spots. Rep. Carl Elliott, sponsor of the 
resolution to establish the special committee, contends the SI 4.9 billion the govern- 
ment plans to spend on research this fiscal year “is not necessarily alarming" but "we 
must assure ourselves these funds are spent wisely." 

Chairmen Carl Vinson of the House Armed Services Committee and George P. 
Miller of the House space committee declare they already have this job and arc taking 
it seriously. Rep. Vinson last week claimed the special committee would lead to the 
kind of duplication Congress keeps telling the executive branch to eliminate. Chairman 
Chet Holifield of the House Military Operations Subcommittee said flatly that no 
five representatives, regardless of the size of their staff, could even begin to understand, 
far less evaluate, the total federal research effort. But backers of the resolution insist 
Congress must make a try. 


Sen. E. L. Bartlett last week introduced a bill to create a Congressional Office of 
Science and Technology (COST) composed of what he called "scientific generalists” 
to advise congressional committees. He sees COST as a clearing house where com- 
mittees could obtain expert guidance. Now, he said, "Congress has no source of 
independent scientific wisdom and advice. Far too often congressional committees 
for expert advice rely upon the testimony of the very scientists who have conceived 
the program, the very scientists who will spend the money." 

This ground-swell of concern will at the least spur existing congressional com- 
mittees to protect their jurisdictions by taking a closer look at research money requests 
and may well lead to some new legislative machinery. In short, research money is 
going to be harder to get from Congress from now on. 

Chairman Richard B. Russell of the Senate Defense Appropriations Subcommittee 
intends to get the Fiscal 1964 military budget bill moving this week by holding brief 
reclama hearings— no more than two days— as the last step before readying the measure 
for the floor. 


Administration has all but decided to cancel or stretch out development of 156-in. 
and 260-in. solid rockets and rely entirely on liquids, at least through Fiscal 1964 and 
1965. This economy move will not affect development of the 120-in. solid strap-on 
booster for Titan 5. Chairman George P. Miller of California, where three of the four 
largest solid rocket plants arc concentrated, will press the NASA to take over the solids 
program if DOD cancels it (AW Aug. 5, p. 25). 


Responsibility for flight testing the X-20 (Dyna-Soar) will be transferred next month 
from the Aeronautical Systems Div. project office at Wright-Patterson AFB to the Space 
Systems Div. at Inglewood, Calif. ASD still will define test objectives. 

Since SSD had preferred Blue Gemini to a winged vehicle, the transfer is seen as 
an attempt to unify USAF space enthusiasts behind the Dyna-Soar program and perhaps 
lessen chances of its cancellation. Systems Command has broadened the X-20 base bv 
directing Electronic Systems Div. to investigate communications and tracking problems. 

Plans call for SSD to conduct both air-drop and booster launch tests of the X-20, 
taking over the pilot training job from Edwards AFB. 

J. Kenneth Galbraith, former ambassador to India, will go to Ottawa this week to 
represent President Kennedy in the effort to resolve U. S.-Canadian aviation problems 
(AW June 5, p. 34). principally Canada’s demand for more U. S. traffic rights for Trans- 
Canada Airlines. 

Management of NASA’s Marshall Space Flight Center is being reorganized through 
the appointment of Robert B. Young, vice president and general manager of Aerojet- 
General’s Sacramento plants, as director of projects and industry' operations. Starting 
Nov. 1. Young will supervise contractors working on the Saturn 1, IB and 5 vehicles. 
He also will oversee work at NASA’s Michoud plant and Mississippi Test Facility. 

Washington Staff 
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Test Ban Would Not Cut Defense Budget 


McNamara sees no reduction in ‘foreseeable future,’ 
no decrease in U. S. nuclear superiority over USSR. 

By George C. Wilson 


Washington— U. S.-Russian agreement on a nuclear test ban treaty' does 
not justify any reduction in military spending for the foreseeable future. 
Defense Secretary Robert S. McNamara told the Senate last week. 

“Perhaps the most serious risk of this treaty is the risk of euphoria,” 
McNamara told the Senate Foreign Relations Committee. "We must guard 
against a condition of mind which allows us to become lax in our defenses. 
This agreement is a product of Western strength. Further progress in amis 
control arrangements with the Soviet Union— progress which we all want to 
make— depends critically on the maintenance of that strength.” 

Urging ratification of a treaty, Mc- 


Namara elaborated on this theme 
response to Senators who asked whether 
this apparent first step toward easing 
Cold War tensions could be accom- 


ing a closed session of the Senate Pre- 
paredness Investigating Subcommittee 
(see box. p. 27). McNamara defended 
1 ' thesis by discussing the c< 


the treaty by itself will have any, should 
have any, important influence on the 
budget," McNamara said. 

From a strictly military standpoint, 
the U. S. has more to gain than to lose 
by approving the nuclear test ban 
treaty, he said. This view was ques- 
tioned by Dr. F.dward Teller, nuclear 
physicist, who discussed the treaty dur- 


• Anti-ballistic missile. In designing an 
ABM system the main factors are re- 
action speed, missile performance, 
traffic handling capacity, decoy discrim- 
ination, resistance to blackout effects 
and warhead technology, he said. Only 
the last two items require nuclear test- 
ing. He said warheads already on hand 
are acceptable for the ABM mission 


U. S. to Keep Nuclear Test Readiness 

Washington— U. S. will maintain a constant state of readiness so that nuclear tests 
can be resumed within months if Russia breaks the treaty banning tests in the 
atmosphere, space and underwater (AW July 29. p. 16). 

Chairman Glenn T. Scaborg of the Atomic Energy Commission told the Senate 
Foreign Relations Committee last week that the U. S. would be able to begin such 
testing in as little as one month and no more than six months after the treaty was 
violated. He recommended ratification of the treaty. 

Proof tests to determine precisely the yields of a weapon about to enter the stock- 
pile could be conducted within a month, he said. Development tests of devices, not 
the final weapon, could be conducted within three months and tests of the effects 
of nuclear explosions could be started within three to six months. 

Development of nuclear weapons will continue unabated in laboratories, he said, 
and underground explosions will help to refine existing warheads and to test new ones. 
Scaborg said it is technically feasible to detonate weapons up to “several hundred 
kilotons” underground to proof-test warheads for battlefield, air defense, anti-missile 
and anti-submarine use. He said a program to develop all-fusion devices could be 
pursued without violating the treaty. Defense Secretary Robert S. McNamara said 
that eventually tests of up to one megaton weapons might be made underground. 

“Complete studies involving blast and fireball as well as radiation effects directed 
at major weapons delivery systems would be impossible to carre out," Scaborg said, 
as well as studies of the effect of nuclear weapons exploded at operational altitudes. 
However, he said, Russia would have to work under the same limitations. 

He agreed with McNamara that atmospheric testing was not essential to develop 
an anti-ballistic missile. “We already have a number of warheads eligible for this 
purpose.” Seaborg said, "It is just a matter of the Pentagon specifying the type it 

Scaborg said the U. S. is ahead of Russia “in the overall view in the nuclear weap- 
ons field." He said this superiority "is in the region that counts most— few mega- 
tons and fractional megaton” weapons. He said the treaty gives the U. S. more 
chance of maintaining its nuclear supenuntv. 


and can be refined through under- 
ground testing, which is not outlawed 
by the treaty. “We have tested the 
warhead (for the ABM) to the extent 
where we are certain it will work,” he 

As for the comparative U.S. and 
Russian progress in developing an ABM. 
McNamara said: “I do not believe their 
metropolitan centers are today pro- 
tected by operational anti-ballistic mis- 
sile systems ... I do not believe they, 
any more than we, have developed ef- 
fective systems for defense against mis- 

Soviet and U.S. experience with 
blackout of communications and ABM 
radar by nuclear explosions “appears to 
be comparable." McNamara said. Both 
sides have conducted about the same 
number of high-altitude tests at compa- 
rable yields and altitudes, he said. 
Analyzing data on hand will enable the 
U. S. to "adequately predict effects over 
the range of yields and altitudes in 
which we are most interested. A fuller 
understanding of the blackout phenom- 
enon— which would result from tests 
prohibited by the treaty-might at most 
permit some reduction in the number 
of ABM radars required per ABM 
site," McNamara said. 

ABM Development 

In sum, McNamara contended that 
“with or without a test ban, we could 
proceed with the development of an 
ABM system.” He said “any deployed 
system which the Soviets are likely to 
have in the near future will probably 
not be as effective, almost certainly not 
more effective, than the Nike-Zcus.” 

Gen. Maxwell D. Taylor, chainnan 
of the Joint Chiefs of Staff, told the 
Senate Preparedness Investigating Sub- 
committee that the joint chiefs felt 
“development of the U. S. system does 
not depend on atmospheric testing and 
hence this treaty will not significantly 
influence any imbalance that may 

Teller contended Russia was ahead of 
the U.S. in developing a missile de- 
fense. He said omitting atmospheric 
tests may result in the U.S. ABM being 
planned “in a mistaken manner. We 
can have no confidence in missile de- 
fense unless complete operational tests 
are carried out.” 

• Big bomb development. McNamara 
said Russia has tested a bomb of 60 
megatons “which we believe could be 
wcaponized at about 100 megatons.” 
(The 58-megaton Russian bomb was 
cased in a lead jacket to minimize fall- 
out— a precaution which reduced the 
yield but one which would not be taken 
in wartime.) He conceded that in the 
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Teller Says Treaty Has 

Washington— Dr. Edward Teller, nuclear physicist who serves 
as a consultant to Air Force’s Ballistic Systems Div. and lias 
championed development of the hydrogen bomb, claims the 
nuclear test ban treaty has “grave consequences for the security 
of the U. S. and for the free world." 

He told the Senate Preparedness Investigating Subcommittee 
last week that three military advantages were claimed for the 
treaty but he himself saw 1 nine disadvantages to outlawing 
unclear tests in the atmosphere, space and underwater. 

There are disadvantages, Dr. Teller said, because the treaty: 

• “Cannot be completely policed.” 

• “Will permit the Russians to retain their advantage in multi- 
megatou explosives. With the help of space testing the Rus- 

• " Will* * inhibit the U.S. tests (deleted) to verify the hardness 
of onr missile sites. The USSR on the other hand can proceed 
with such experiments. 

• “Will impede the development of missile defense. ... A cor- 
r S| d ig inhibition in Russia will he very much less effective." 


‘Grave Consequences’ 

• “Is ambiguous with res|K*ct to the rtsc of [Projectl Plowshare 
outside the territory of the U. S. This may give the Russians a 
possibility to intervene in our dealings with friendly or neutral 
nations." 

• “Apparently prohibits the use of nuclear explosives in limited 
conflicts outside the territory* of the U. S. unless three months' 
notice has been served in advance. Thus badly needed prompt 
response to aggression might be inhibited." 

• "Erects a new barrier against our cooperation with onr Allies 
in the area of preparedness, particularly in missile defense." 

• "May lead to severe inhibition of our underground testing 
program." if the U. S. is excessively cautions in interpreting it. 
and “there arc precedents of such excessive caution in our past 
behavior." 

• “Imposes limitations on future developments.” by prohibiting 
certain types of experimentation. "In this way progress is 
impeded and we deprive ourselves of possibilities which might 
acquire great importance in the future," Dr. Teller told the 
Senate committee. 


area of "very large yield weapons” the 
Soviets had “some advantage" which 
the ban against atmospheric testing 
might make difficult to overcome. 

But McNamara said the U.S. de- 
cided years ago that it made more sense 
to develop smaller nuclear weapons, 
adding that the nation-without any 
further testing— could develop a 50- to 
60-mcgaton bomb which could be de- 
livered by a B-52 bomber. He said big 
nuclear weapons had two main draw- 
backs: (I) two or three smaller ones 
“achieve a higher confidence of kill;" 
(2) big warheads arc inferior as second 
strike weapons because they are more 
difficult and expensive to hide, harden 
and deliver. "I can state with full con- 
fidence that the absence from our ar- 
senal of a bomb greater than the one we 
can build under the treaty will not im- 
pair the effectiveness of our strategic 
forces,” McNamara said. 

Teller View 

Teller said it is “entirely possible that 
we have neglected to consider or prop- 
erly to evaluate some effects of high 
yield explosives which may render them 
particularly dangerous” but said lie did 
not place “very great importance on the 
lead which the Russians enjoy in this 
particular field.” 

• Hardening experiments. McNamara 
said the U.S. already has “a substan- 
tial amount of information” about the 
vulnerability of its hardened missile 
sites. He conceded further nuclear tests 
in the atmosphere on or near the ground 
“would help us to detenninc with 
greater precision the degree of hardness 
of Minuteman sites" but added that 
“we believe the Soviets have conducted 
no such tests.” Underground tests, he 
said, would fill many of the gaps in 
U. S. knowledge in this area. Soviet un- 
certainties in this field, he said, “are at 
least as great as ours." 


McNamara said "the most pessimis- 
tic view of these uncertainties” suggests 
that a large Soviet nuclear bomb would 
knock out on the average less than two 
of any three dispersed Minuteman sites. 
“It is clear that the Soviets do not have 
anything like the number of missiles 
necessary to knock out our Minuteman 
force, nor do they appear to have any 
present plans to acquire such a capac- 
ity," McNamara said. If Soviet strategy 
changes, he predicted, the U. S. would 
learn of it in time to expand and further 
disperse the Minuteman force. 

Besides Minuteman missiles. McNa- 
mara said, Polaris submarines and many 
strategic aircraft would survive a sur- 
prise Soviet first strike, declaring: “We 
can say with assurance that, even after 
such a Soviet strike, the total surviving 
U.S. strategic nuclear force will be 
large enough to destrov the enemy.” 

Teller said “it is a fact fraught with 
danger that the ability of these (Minute- 
man) sites to withstand the over-pres- 
sures for which they have been de- 
signed has never been tested. ... It is 
probable that under the test ban as pro- 
posed and interpreted at the present 
time these badly needed tests will not 
be carried out." 

The Russians, through illegal tests in 
the atmosphere and legal explosions 
just under the surface of the earth, can 
determine the vulnerability of U.S. 
Minuteman sites. Teller said. 

He urged that if the treaty is ratified, 
the U. S. explode nuclear weapons in 
shallow holes to determine site vulner- 

• Penetration research. McNamara said 
neither the U.S. nor Russia has con- 
ducted full-scale, high-altitude tests 
which show how vulnerable missiles are 
to blast from nuclear weapons exploded 
nearby. Me said the effect radiation 
would have on U.S. missiles can be 
tested underground. 


Under the treaty the U. S. will have 
to rely "on extensive extrapolations" to 
predict the effect of blast on our new 
warheads. McNamara said. “Regardless 
of the design of any Soviet ABM sys- 
tem, in view of the warhead improve- 
ments we can make under the treaty, 
of the massive U.S. force available to 
saturate their defenses, and of the array 
of penetration aids which are being de- 
veloped and can continue to be devel- 
oped and improved by underground 
testing where necessary, the U.S. will 
continue to have the capability-and the 
Soviets know that we will continue to 
have the capability— to penetrate and to 
devastate the Soviet Union if a retalia- 
tory blow is required.” McNamara said. 

• Cheating risks. McNamara said multi- 
megaton weapons development tests 
would have to be conducted 20 million 
miles from earth "to have a good chance 
of escaping detection by a ground-based 
system such as could be installed rapidly 
with the cooperation of Western and 
possibly some neutral nations." lie 
said illegal testing in deep space "is not 
a reasonable proposition for the Soviet 

Low-Yield Tests 

Only very low-yield tests over Russia 
or Red China would have a good chance 
of escaping detection. McNamara said. 
However, he said “these tests could not 
produce significant advantages." Simi- 
larly. lie said, any large underwater tests 
to determine vulnerability of subma- 
rines and ships "would almost certainly 
be detected.” 

• Political significance. McNamara said 
Russia's approval of the treaty "offers 
some evidence that its leadership has at 
last grasped an essential fact— that the 
same sheer multiplication of a nation's 
destructive nuclear capability docs not 
necessarily produce a net increase in its 
security. . . . 
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Senate Restores Part of NASA Fund Cuts 


By Donald E. Fink 

Washington - National Aeronautics 
and Space Administration’s Fiscal 1964 
authorization bill goes to a Senate- 
House conference committee this week 
amid indications that House members 
will press to keep the final authoriza- 
tion close to the lower House dollar 
figure. 

The Senate approved a S5.5 billion 
figure for the space agency, as opposed 
to S5.2 billion approved bv the House 
(AW Aug. 12, p. 27). NASA's original 
request was for S5.7 billion. 

Senate conferees have been named 
to the committee, which will resolve 
the difference between the two bills 
and then refer the final bill back to 
both chambers for approval. A fight is 
expected, however, in the naming of 
House conferees. 

Rep. George P. Miller (D.-Calif.), 
chairman of the House space com- 
mittee, said he expects selection of 
House conferees to be contested by 
economy-minded representatives, who 
are bent on keeping the NASA author- 
izations as low as possible. 

In the next legislative move, the In- 
dependent Office Subcommittee will 
conduct hearings this week on the 


NASA appropriations bill. Agency of- 
ficials will be called to testify in what 
amounts to a rejustification of the 
NASA budget. Tire appropriations 
hearings usually involve a routine re- 
consideration of funding requests, but 
opponents of the size of NASA's 
budget may use them as a means of at- 
tempting further cuts. 

Following the hearings, legislation 
will be initiated by the House to ap- 
propriate funds, which cannot exceed 
the amount in the final compromise 
authorization bill. 

The Senate version of the authoriza- 
tion bill was passed by voice vote after 
heated debate over an amendment that 
would have required the Communica- 
tions Satellite Corp. to reimburse 
NASA for research and development 

Amendment finally adopted was pro- 
posed by Sen. Clinton P. Anderson 
(D.-N.M.) as a substitute for one pro- 
posed by the late Sen. Estes Kcfauver 
(D.-Tenn.). The Anderson amendment 
barred, under certain circumstances, 
government funding of research and 
development for the exclusive use of 
any organization other than a govern- 
ment agency, providing communication 
service (see box, below). 


The Senate bill also included an 
amendment by Sen. Jack Miller (R.- 
Iowa), requiring that committees set up 
to study the proposed Boston Elec- 
tronics Research Center give the Ken- 
nedy Administration written notice 
that they have no objections to such a 
center or to the location of it. 

The Senate approved authorization 
of the full S5 million requested by 
NASA for first year funding of the $50 
million center. The House had cut the 
authorization to $3.9 million after re- 
jecting an amendment that would have 
eliminated authorization of any funds 
until NASA presented further justifica- 
tion for the center to Congress next 

A similar amendment proposed by 
Sen. Carl T. Curtis (R.-Neb.) also was 
rejected by the Senate, as was an 
amendment proposed by Sen. Frank J. 
Lausche (D.-Ohio) to reduce the Senate 
authorization by S307,S01.000-to the 
House-approved figure. 

NASA protested the House cuts on 
the grounds that they would either 
force a slow-down in Project Apollo or 
necessitate cuts in all other NASA pro- 
grams in order to channel sufficient 
funds to the lunar assault effort (AW 
July 22, p. 322). Reduction of SI 20 
million in Apollo spacecraft funding 
was listed as being of primary concern, 
since it would result in a 4- to 6-month 
slippage in the availability of command 
and service modules for initial lunar 
flights. Concern also was voiced over 
increased mission risk that would result 
from a reduction in ground testing. 

During the final portion of the 
Senate debate on the authorization bill, 
NASA was criticized by Sen. Mike 
Monroney (D.-Okla.) for not placing 
more emphasis on making advances in 
aeronautical designs. 

"It seems incredible to me that an 
agency which claims the title of Na- 
tional Aeronautics and Space Adminis- 
tration would propose an expenditure 
on aeronautics of less than 1 %," Sen. 
Monroney said. 

He said the authorization bill listed 
only $16.2 million for aviation re- 
search and development and that air- 
frame and aircraft engine manufactur- 
ers were protesting the lack of emphasis 
on advancing the aeronautical state-of- 
the-art. 

“Certainly this need should be con- 
sidered in connection with the unveil- 
ing by the President of a billion dollar 
effort to be first in supersonic transport 
(SST) aircraft,” Sen. Monroney said 
(see p. 37). 

To arrive at the S9 million figure j 
which NASA says it plans to spend on 
SST development, "one must include 


NASA Comsat Research Stirs Debate 

Washington— Demands that the Communications Satellite Corp. reimburse the 
National Aeronautics and Space Administration for research and development costs 
highlighted Senate debate on the NASA Fiscal 1962 authorization bill. 

The debate res-olved around an amendment proposed by the late Sen. Estes Ke- 
fauver (D.-Tenn.) that would have required the corporation to reimburse the govern- 
ment for a proportionate share of its satellite research expenditures. 

Sen. Kcfauver. who led the filibuster fight against creation of the corporation last 
year, died from a heart attack Aug. 10. after apparently suffering a mild attack during 
the Senate debate two days earlier. 

Sen. Kcfauver said his amendment’s one purpose was to insure that “any private 
company that receives the benefit of taxpayer-financed research and development 
on communication satellite technology must pay a fair share of all costs.” 

The Senator said NASA's proposed expenditures of $51.1 million for research and 
development of advanced synchronous communications satellites represented a give- 
away to the satellite corporation. His views were echoed by Sen. Wayne Morse 
(D.-Ore.). 

Sen. Clinton P. Anderson (D.-N.M.). chairman of the Senate space committee, 
countered with the argument that "not one penny of this authorization has been 
earmarked for use by or on behalf of the Communications Satellite Corp." 

He said that information released publicly on the communications satellite 
research would be available to the corporation but to “any other interested parties 
in government and industry” as well. 

Tims supporting the Kcfauver amendment contended the satellite corporation has 
a monopoly on the operation of a communications satellite network and therefore 
would be the sole beneficiary of any government-sponsored research and development. 

Sen. Anderson argued that the synchronous satellites also could be used for ship 
and aircraft navigation, activities in which the satellite corporation is not involved. 

Sen. Anderson then proposed a substitute amendment which stated that none of 
NASA’s hinds could be used to furnish technical service “for the exclusive benefit” 
of any private enterprises, such as the corporation, except on a reimbursable basis. 
The amendment was approved by a 60 to 11 vote. 


AVIATION WEEK & SPACE TECHNOLOGY, August 19, 1963 


Space Suit Communications System 

First of several operational prototype space suit communications systems, developed 
by ITT Kellogg Communications Svstcms Div. of International Telephone & Tele- 
graph Corp. for use in the Apollo program, has been delivered to the space suit 
prime contractor, Hamilton Standard Div. of United Aircraft. 

Equipment xvill be forwarded soon to National Aeronautics and Space Administra- 
tion's Manned Spacecraft Center. Houston. Tex. Two more prototypes arc sched- 
uled for late August or early September delivery. 

EVSTC (extra-vehicular suit telcmctry/communications system) was designed to 
specifications resulting from NASA's evaluation of an advanced prototype developed 
by Spacclabs, Inc., Van Nuys, Calif. (AW Mar. 18, p. 80). 

The operational prototype subcontract went to ITT on the basis of what was 
called "a better approach to the RF portion" of the system. Spacclabs will send an 
advanced development model of a new system, not part of any specific program, to 
Houston in about three weeks for NASA evaluation. It provides greater physiologi- 
cal telemetry capabilities than the Apollo prototype, according to NASA. 

Final Apollo equipment may combine the best features of both systems. 


Merritt Island Support Bids Due 


a disproportionate amount of the per- 
sonnel costs and the full amount for 
plant overhead,” Sen. Monroney said. 

Sen. Monroney cited recent an- 
nouncements by U. S. airlines that they 
intend to buy the Anglo-French Con- 
corde SST aiid a U. S. lag in develop- 
ing an intermediate-range jet transport 
as examples of the need for more em- 
phasis on aeronautical research and de- 
velopment. 

Sen. Anderson came to NASA's de- 
fense. saying the $16 million was only 
a partial figure covering research and 
development. To this should be added 
$19 million in personnel costs and $10 
million for installations operation, for 
a total of $45 million, he said. 

New Bids Requested 
For Air Force Tunnel 

Second round of bids have been re- 
quested by the Air Force Aeronautical 
Systems Div. for Phase 2 of the conver- 
sion of the now inactive 10-ft. trans- 
sonic wind tunnel at Wright-Patterson 
AFB, Ohio, to a 50 megawatt electro- 
gas dynamic testing facility, due to sub- 
stantial revisions ASD has made in the 
specifications. 

Phase 2 includes the actual modifica- 
tion of the tunnel to permit testing of 
near-scale models of boost glide and re- 
entry vehicles under fully simulated 
stagnation conditions at hypersonic 
speeds. Phase 1 work involving fabrica- 
tion and installation of electrical equip- 
ment is being done by the General 
Electric Co. 


Beech King Air 

Beech Aircraft distributors are taking 
firm orders for fall, 1964. delivery of the 
Model 90 King Air, a 6-8 place pres- 
surized executive transport, powered by 
two 550-slip. Canadian Pratt & Whit- 
ney PT-6A turboprops. Price is approxi- 
mately $300,000, minus electronics. 

Construction of the first King Air 
civil prototype is under way, with the 
new program superseding both former 
Model 120 turboprop and Model 85. a 
pressurized piston-powered version of 
the Queen Air. 

Details, specifications and performance 
data probably will be revealed at the 
company's distributor-dealer meeting at 
Wichita in mid-November. 

Beech has accumulated more than 40 
hr. of (light test time on a converted 
Queen Air powered by PT-6A-6 turbo- 
props. built under an Army development 
contract. 

Beech apparently is skipping interim 
steps leading to a pressurized turboprop 
because of the successful performance 
turned in by the PT-6A-6 engines in the 
Army testbed. 


Cape Canaveral— National Aeronau- 
tics and Space Administration is ex- 
pected to issue bid requests for the three 
remaining packages of housekeeping 
support for the agency's Merritt Island 
Launch Area (MILA) within 6-8 weeks. 

The packages are base services, ad- 
ministrative and management services, 
and launch support sendees. NASA's 
Launch Operations Center here plans 
to invite about 100 firms to bid in each 
of the first two categories and about 50 
in the third (launch support). Firms 
may bid for any number of packages. 

A pre-proposal bidders' conference 
probablv will be held about two weeks 
after the issuance of each work state- 
ment, and bids will be due usually with- 
in six weeks after each conference. Mail- 
ings of the package requests will be 
staggered, as will be the dates for the 
preproposal conferences and the sub- 
missions of bids. Launch Operations 
Center would like to have the contrac- 
tors selected and on the job at MILA 
by the end of the year. 

Earlier this year, when the center 
broke out its support requirements in 
four areas (AW May 27. p. 21). It 
identified these tasks’ as representative 
of each package: 

• Base services will include security po- 
lice and guards, transportation (motor 
pool), janitorial, employe medical, fire 
protection, plant maintenance and op- 
erations, and some portions of supply. 

• Administrative and management serv- 
ices will include some photographic op- 
erations, field printing plant, technical 
information services and automatic data 
processing. 

• Launch support services will include 
launch complex equipment operations, 

ropellant services, precision shops, 

igh-pressurc gas converter and com- 
pressor operations, cryogenic equipment 
cleaning and spacecraft servicing facili- 
ties support. 


A fourth package— communications— 
has been out for bids once already and 
was expected to be re-issued last week 
(AW Aug. 12, p. 30). The original 
contract evaluation process was inter- 
rupted and then cancelled when South- 
ern Bell Telephone Co. and its parent. 
American Telephone & Telegraph, pro- 
tested that Bell, as the local common 
carrier, should have received the normal 
administrative telephone portion of the 
communications package. NASA agreed 
and rewrote the work statement, delet- 
ing all but mission-critical telephones 
from the package. 


Boston Center Site 

Cambridge. Mass.— First choice for a 
location for National Aeronautics and 
Space Administration’s proposed Boston 
Electronics Center is a site near Brigh- 
ton which would straddle a portion of 
the Massachusetts Turnpike, according 
to Dr. Albert I. Kelley, director of 
electronics and control for NASA. 

Space agency officials arc currently 
discussing air rights with the turnpike 
authority. Kelley said here last week at 
the American Institute of Aeronautics 
and Astronautics Guidance and Control 
Conference. 

Kelley said that about 90% of the 
appropriated funds for the proposed 
S50-million center would be spent “out- 
of-house." The initial $5 million in 
appropriated funding would be spent to 
reduce 100 suggested locations for the 
center to four choices and then to pur- 
chase land. 

Kcllcv said a final congressional deci- 
sion on the center might come within six 
weeks. The facility would include labora- 
tories for space guidance and informa- 
tion and control systems. Alternate 
construction plans call for 11 buildings 
on a 1.000-acre site. Kelley added. 
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Space Council to Check DOD Range Plans 


Washington— Close examination of 
Defense Dept, plans for increasing the 
size of its global space communications 
and recover)' networks to sec if they 
duplicate civilian space agency plans 
will begin next month as first draft 
Fiscal 1965 budget proposals reach 
highest Administration levels. 

Acting for the President and the 
Budget Bureau, the National Aeronau- 
tics and Space Council will take a hard 
look at defense plans for range expan- 

Thc first move under these plans 
would be to consolidate management 
of the three national missile ranges. A 
preliminary study of the consolidation is 
now being conducted here by USAF 
Maj. Gen, Leighton I. Davis, com- 
mander of the Air Force-operated At- 
lantic Missile Range. 

There arc legitimate reasons for De- 
fense Dept, to operate range and track- 
ing facilities separate from those of the 


National Aeronautics and Space Admin- 
istration. according to a high Adminis- 
tration official, because of classified 
projects whose security must be pro- 
tected. But it is typical of military 
planners to overstate their requirements, 

Detection of these excess require- 
ments so that duplication can be held 
to a minimum will be the job of the 

The Air Force, as the principal De- 
fense Dept, agent for military space 
research, development and operations, 
now believes it has a solid case to pre- 
sent to the director of defense research 
and engineering for single-manager oper- 
ation of the Atlantic range, the Pacific 
Missile Range and the White Sands 
Missile Range. 

The Pacific range is now operated by 
the Navy and the White Sands range 
by the Anny. As of late last week, 
neither the Navy nor the Annv had 


been officially asked for their reactions 
to the proposed consolidation. A Navy 
official said he would rather see the 
Pacific range management remain un- 
disturbed but would not object to hav- 
ing it placed as a whole under a single 
manager. Army reaction was the same. 

The Navy developed the Pacific 
range, with headquarters at Pt. Mugu, 
Calif., to test submarine, ship and air- 
craft launched missiles and to provide 
training for the crews. 

The range then grew to accommo- 
date tests of operational configurations 
of Air Force intercontinental ballistic 
missiles as far as Bikini Atoll and tests 
of the Army’s Nike Zeus anti-ballistic 
missile system. 

To divorce these added facilities now 
from the Navy's basic range would be 
impractical and expensive, the Navy 

The Air Force was encouraged to 
make the consolidation study bv the 
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Shows Firing of Syncoms Apogee Motor 

19 mi. The motor burned 19.9 sec., and at the time of burnout (photo No. 5). the plume was 66 mi. long and 33 mi. wide. In the final 
photo here. No. 7. the dimensions had reached 92 mi. in length and 66 mi. wide. The satellite is traveling east northeast in the sequence. 
Firing of the solid-propellant apogee motor, a Jet Propulsion Laboratory development, took place 6 hr. after launch at an altitude of 
22.548 mi. (AW Aug. 5. p. 75). Late last week NASA pulsed the satellite’s nitrogen jets 2.024 times over a 15 min.. 24 sec. period in an 
attempt to halt westward drift and stabilize the satellite over 55 deg. West longitude. Initial data indicated the attempt was successful. 


director of defense research and engi- 
neering. The single-manager proposal 
will have to be discussed with NASA 
officials, however, since NASA require- 
ments for the Gemini two-man capsule 
rendezvous mission with an Agena ve- 
hicle will require expanded control and 
communications facilities around the 
globe. The Apollo moon landing pro- 
gram will require further expansion and 

NASA has indicated that as long as 
the defense controlled networks arc 
made adaptable to its needs, it will have 
no objection to consolidated manage- 

A single-manager military system 
might even ease interface problems, 
one NASA spokesman said. 

Entering into the over-all space range 
picture is a basic difference between 
the Defense Dept, and NASA on re- 
covery sites. The Air Force has pro- 
posed a triangle of land recovery sites 
between Edwards AFB. Calif.. Wen- 
dover. Utah, and Holloman AFB. N. M. 
NASA, however, may face weight prob- 


lems with later Gemini flights that 
would necessitate launching the capsules 
at low angles to the equator to take ad- 
vantage of the earth's rotation for added 
velocity. 

This limits the latitude for recovery 
and makes the area near Houston, Tex,, 
more desirable. 


CII-53A Avionics Winners 

Washington-Nortronics Div. of Nor- 
throp. the Telcdync System Corp. and 
Texas Instruments have been selected 

system for use on the Sikorsky Cl 1-53 A 
heavy assault helicopter for tiie Marine 
Corps (AW June 24. p. 116). The major 
new avionics program will explore a new 

built into the sensor elements rather 


NASA also may have increased re- 
quirements for use of West Coast 
launching sites. Air Force expects to 
launch the Titan 3 booster from either 
Vandenbcrg AFB or Pt. Arguello for 
some missions. Both sites make use of 
PMR facilities. Pt. Arguello is Navy 
controlled. NASA also may want to 
launch Titan 3s from one or the other 
site eventually. 

The Davis study will propose that 
Vandenbcrg AFB be turned over to the 
Air Force Systems Command. It is now 
under control of the Strategic Air Com- 
mand because its principal use is for 
firing of operational ballistic missiles 
and crew training. 

SAC is objecting, however, because 
it maintains that after space systems 
are developed by Systems Command 
and become operational, they will come 
under its control. 

Systems Command maintains that as 
military manned space flight develop- 
ment progresses during the next few 
years it should have control of Vandcn- 
berg AFB. 
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NASA Links Efforts to Defense 


To Broaden Appeal for Support 


By Alfred P. Alibrando 


Blacksburg, Va.— National Aeronau- 
tics and Space Administration has 
started to base much of its appeal for 
public and political support on the 
agency’s contribution to the nation’s 
military capability in space. 

In a speech Aug. 12, opening the an- 
nual conference here on the results of 
artificial satellite flights. Dr. Homer E. 
Newell, director of the National Aero- 
nautics and Space Administration's Of- 
fice of Space Sciences, said the space 
program is insuring that "no one will 
ever be in a position to use space against 
us while we. helpless and frustrated 
through lack of necessary space capabil- 
ity, have to take what comes.” 

NASA has been edging toward this 
position for some time. Two years ago 
the agency' refrained from emphasizing 
any connection of its program with the 
military. Then, as large expenditures 
for purely peaceful purposes began to 
be questioned in Congress, the agency 
changed the tenor of its justification to 
include the necessity for developing a 
space capability which could be applied 
to nuhtarv requirements. 

Newell said it is the development of 
a military capability' that gives the space 
program "its urgency and its compelling 
nature.” 

Referring to the broad nature of 
U.S. space efforts, he said that "those 
who argue that we should dispense with 
the frills of science and space explora- 
tion and concentrate on the necessities 
of military’ development, forget that we 


Probing Physical Laws 


Blacksburg. Va.-Thcrc arc increasing 
indications that the Space Agency may 



accepted physical laws governing the uni- 



Dr. Hugh L. Drydcn, NASA deputy 
administrator, said essentially the same 
thing at another recent conference (AW 
Ang. 12, p. 21). 


can’t really say what the military ne- 
cessities in space will be. 

“We do not wish to develop a Magi- 
not line in space, only to have it 
flanked by forces of greater flexibility. 
We need to develop our space capability 
so that we shall have the ability to move 
in any direction required bv future 

The Administration’s and NASA’s 
reasoning behind the switch in emphasis 
from peaceful pursuits to development 
of military space capabilities is that 
national defense is much easier to jus- 
tify. Space spending was a sacred item 
between the years of 1957 and 1963, 
largely because of the national embar- 
rassment over the Soviet Union's space 
capabilities. 

But when space "spectaculars’’ bc- 

interest waned and congressional awe 
diminished correspondingly. 

The House of Representatives cut 
about S500 million from the NASA 
authorization this year, and although 
the Senate restored more than S300 
million of the cut, further opposition is 
expected from economy-minded con- 
gressmen (sec p. 28). 

NASA and university lecturers de- 
voted considerable attention during the 
week-long conference to radiation belts 
surrounding the earth and to micro- 
meteorite hazards. 

Wilmont N. Hess of the Goddard 
Space Flight Center and Brian J. 
O’Brien of Rice University set the stage 
for the discussion of charged particles 
in the earth’s magnetosphere bv point- 
ing out that the July 9. 1962, Starfish 
high-altitude nuclear test over Johnston 
Island and the subsequent studs' of 
artificiallv-produccd energetic particles 
injected into the natural radiation belts 
had upset many previously held theories 
concerning the belts. 

Hess said that prior to the Starfish 
explosion, he strongly favored the theory 
that cosmic rays striking the earth’s 
atmosphere caused the decay of neu- 
trons into electrons and protons, which 
were then captured by the magnetic 
field forces encompassing the so-called 

Observations following the Starfish 
explosion destroyed this theory, he said. 

Hess suggested that an artificial belt 
of positrons be created by scattering 
radioactive copper at the desired alti- 
tude. The positrons, he said, would be 
relatively easy to identify and count 
and would therefore provide some 
means for understanding the mechanics 
which control the behavior of particles 
in the earth’s magnetosphere. 



O’Brien suggested that a positron 
belt also might clear up the mystery of 
auroras. He said it is not clear now 
whether particles cause the auroras or 
whether "the outer zone is caused in 
part by what causes the auroras." 

Hess said an experiment to detect 
and count positrons is now being de- 
signed by Edward W. Hones, Jr., of the 
Institute of Defense Analyses, but that 
there is currently no approved program 
for flying such a device on a rocket or 
satellite. 

Gerald S. Hawkins of the Smith- 
sonian Astrophvsical Observatory said 
that well established statistical infor- 
mation on micrometeorites indicates 
that in addition to flying through mil- 
lions of microscopic particles, the Apollo 
spacecraft will be hit by at least one 
micrometeorite capable of puncturing 
a very light aluminum skin. Apollo 
project officials maintain that the much 
thicker body of the spacecraft will with- 
stand the particles of the mass that 
the present statistics indicate would 
shower the spacecraft. 


Martian Atmosphere 

Blacksburg. Va.— Recent spectroscopic 
studies of Mars indicate that the planet 
has a surface atmospheric pressure of 20 
millibars, rather than the presently ac- 
cepted figure of 85 millibars, Dr. Hyron 
Spinrad of the Jet Propulsion Labora- 
tory told the annual satellite conference 
here last week. Further studies aimed 
at confirming the 20-millibar figure arc 
planned. 

Talbot A. Chubb, of the Naval Re- 
search Laboratory, reported that a soft 
X-ray in the 6 to 8 Angstrom region 
whose source is unknown was detected 
in an Aerobee-Hi sounding rocket flight 
from the White Sands Missile Range 
last spring. Chubb said the source may 
be determined next winter or early spring 
when NRL flics a more sensitive photo- 
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FCC Comsat Contract Role Questioned 



By Philip J. Klass 

Washington— Industry is expected to protest strongly against a proposed 
regulation that would require the Communications Satellite Corp., its 
prime contractors and participating common carriers to notify the Federal 
Communications Commission of their proposed choices of subcontractors 
for all awards over $2,500. 

But an FCC spokesman told Aviation Week & Space Technology that 
the agency might be responsive to industry requests to raise the $2,500 limit, 
which is far below the one used by the Defense Dept. Industry comments 
•e due by Sept. 10. 


Defense Dept.’s Armed Services Pro- 
curement Regulations require approval 
by a contracting officer on fixed price 
subcontracts only when they exceed 
$25,000 or 5% of the total prime con- 
tract price. At the discretion of the 
contracting officer this figure can be 
raised to as high as $250,000. 

The proposed new procurement regu- 


tors where the contract exceeds the 
same figure. 

FCC said this is a misinterpretation, 
but conceded that the proposed regula- of such invitees 
tion as now written is misleading and " ’ 

ambiguous on this point. 

General bidding and procurement 
practices outlined in the proposed 
regulation are to be followed by sub- 


lations are intended to discharge the contractors at all levels, but these gen- 


FCC’s responsibilities under the legis 
lative act which authorized the Com- 
munications Satellite Corp. FCC is 
charged with insuring effective compe- 
tition and appropriate procurement pro- 
cedures for all elements of the space 
communications system. 

Under the proposed regulations, 
Communications Satellite Corp., its 
prime contractors and common carriers 
would have to file certain information 
on each intended procurement over 
$2,500, including names of all bidders, 
method of procurement used, copy of 
proposed contract and name of the win- 
ning bidder. 

If the lowest bidder is not selected, 
reasons for the choice must be given. 
The procuring company also must dis- 
close any financial interest it has in the 
proposed recipient of the contract. Ex- 
cluded from the proposed procedure 
would be procurement of utility or per- 
sonal services and contracts with or 
through government agencies. 

Unless the FCC notifies the pro- 
curing party to the contrary within 10 
days, the award can be made.. An FCC 
official emphasized that the intent 
of the regulation is to enable the FCC 
to assure itself that the procuring com- 
pany has complied fully with its pro- 
cedures rather than to place FCC in the 
position of approving or disapproving 
a specific choice among contractors. 
But one industry spokesman called the 
procedure an "unprecedented intrusion 
by government into contractor pro- 
curement.” 

In addition to concern over the 
extremely low $2,500 figure, industry 
spokesmen are upset over the apparent 
intention of the proposed regulation 
to apply the procedure to awards made 
by subcontractors and sub-subcontrac- 


erally follow Defense Dept, procedures, 
according to FCC. 

The proposed regulation provides the 
following methods for procurement: 

• Formal advertised bidding where 
detailed description of requirements 
can be issued, with the award going 
to the bidder that conformed to invita- 
tion and "is most advantageous to the 
party making procurement, price and 
other factors considered.” 


• Two-step procurement, to be "used 
only when available specifications or 
purchase descriptions do not permit 
formal advertising without engineering 
evaluations and discussion with respect 
to the technical aspects thereof so as 
to insure mutual understanding between 
contractors and party making procurc- 

First phase will call only for techni- 
cal proposals. Following evaluation of 
these proposals, invitations to bid on 
the second phase "shall be extended 
to those parties whose technical pro- 
posals have been evaluated and deter- 
mined to be acceptable ..." A list 
of such invitees must be submitted to 
the FCC where contract exceeds mini- 
mum specified value and procuring 
party is other than a subcontractor. 

• Negotiated contract may be used 
when property or service to be pro- 
cured "does not permit procurement 
through either” of the other two pro- 
cedures, or if otherwise authorized by 
the FCC. Requests for proposals for 
such procurements must be publicized. 

The proposed regulation also pro- 
vides that "whenever economically and 
technically feasible . . .’’ the procure- 
ment shall be divided into small lots to 
permit bidding by small business con- 
cerns on quantities less than the total 
requirements. 


First Major S-1C Assembly Completed 

First major stnictural assembly for the Saturn S-1C booster, a fuel tank upper dome, has 
been completed at Marshall Space Flight Center. Marshall will build four S-lCs at its 
Huntsville. Ala., facility (AW Mar. 25, p. 50), plus one fuel tank. Dome being lowered 
here onto a Y-ring is part of the single fuel tank to be built by Marshall. This unit will be 
tested to verify design loads, and results will be extrapolated to the oxidizer tank. Begin- 
ning of construction of the four complete test stages is contingent upon verification of these 
loads. Dome shown here consists of eight two-piece gore segments and is 33 ft. in diameter. 
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Unmanned X-20 Could Fly by July, 1965 


By George Alexander 

Cape Canaveral— First of two un- 
manned flights of the USAF-Boeing 
Co. X-20 (Dyna-Soar) space vehicle 
could come as early as July or August. 
1965, followed by the first of eight 
manned missions six to eight months 
later, if the Titan 3 launch vehicle 
continues to be successful in meeting 
major program goals. 

Brig. Gen. Joseph S. Bleymaicr. pro- 
gram director of the Titan 3 (officially 
designated 624A) system at USAF’s 
Space Systems Div., said that the first 
of these hvo missions could be flown 
aboard the third Titan 3C research 
and development launch vehicle, if the 
first two "C” flights are successful. 
Flight Test Program 

Bleymaier said that the 17-vehicle 
flight test program of five "A" and 12 
"C" versions of the Titan 3 (AW Feb. 
25, p, 27) is planned to be completed 
within 45 months after the program's 
start in December, 1962. or about Au- 
gust, 1966. Present plans call for the 
first Titan 3C to be launched in April, 
1965. If this target date is met, it 
would leave 16-17 months in the pro- 
gram's R&D phase in which to fly the 
remaining 1 1 vehicles, for an average of 
one launch every six weeks. This would 
place the launch date of the third Ti- 
tan 3C, with its unmanned Dyna-Soar 
payload, around July or August, 1965. 

A second unmanned X-20 mission 
also is planned, the Titan 3 program 
director said, confirming a prediction 
made by Aviation Week & Space 
Technology more than a year ago 


(July 9, 1962, p. 15). It would be 
staged either with the fourth or fifth 
Titan 3C launch vehicle, depending 
on whether or not the first unmanned 
flight is conducted on the third “C” 
launch and whether or not it is success- 
ful. 

Observers consider the fifth vehicle 
to be the more likely candidate for the 
second unmanned mission because it 
would allow USAF more time in which 
to analyze the results of the first such 
flight and. if necessary, make modifi- 
cations to the spacecraft. 

Both unmanned flights of the orbital 
glider would be partially orbital; in 
effect, the profile would be a high-loft 
trajectory carrying the spacecraft from 
here more than three-quarters around 
the world to Edwards AFB, Calif. Re- 
covers’ of an intact spacecraft from these 
two missions is considered doubtful. 
Manned Flights 

Manned operational flights of the 
Ds-na-Soar are expected to begin be- 
fore the 17-vehicle flight test program 
is concluded. If USAF’s present esti- 
mate of three-month intervals between 
X-20 flights should pros’e valid, plus 
two or three additional months for de- 
tailed analysis of the two unmanned 
missions, the first manned flight could 
come as early as January or February. 
1966-nearlv six months before the end 
of the flight test program. 

Flight profile of the first manned 
mission is likely to be very similar to 
that of the two unmanned missions. 
Second manned flight might last for at 
least one complete orbit, plus a part 
of a second, with successive flights ex- 


tended for longer and longer periods of 
time. 

Bleymaicr said that USAF is confi- 
dent that the Titan 3 will be man-rated 
by this projected time period (early 
1966). Titan 3C vehicles remaining in 
the flight test series, after the start 
of operational flights, will be devoted 
to demonstrations of the vehicle’s ca- 
pabilities in different orbital regimes— 
perhaps synchronous equatorial orbit, 
rendezvous or earth escapc-thc results 
of which might be redundant as far as 
man-rating is concerned. 

Four Titan 3A vehicles will be flown 
from here before the first 3C flics, he 
said, with the first launch now sched- 
uled for August, 1964. Fifth launch 
vehicle will be held until after the first 
3C flight, so that anomalies noticed 
in the Titan 2's core performance— 
possibly induced by the solid-propellant 
motors-might be checked by this vehi- 
cle. 

Circular Orbit 

Although the first 3A vehicle, like 
the first 3C, will not carry any payload 
-these flights will be strictly perform- 
ance tests of the launch vehicles tlicm- 
sclves-Blevmaier pointed out that one 
of the 3A vehicles will be programed 
to demonstrate achievement of a 3,000- 
mi. circular orbit through several re- 
ignitions and burnings of the transtage 
and its Aerojet-General engines. Since 
this altitude will cut through the Van 
Allen natural radiation belts, it is highly 
probable that this vehicle will carry a 
payload of extensive radiation-measuring 
experiments. Transtage’s communica- 
tions system also will be tested at this 
altitude. 

Bleymaicr strongly emphasized that 
payloads flown aboard the 15 Titan 3 
research and development vehicles (first 
“A” and "C" will not cam' payloads) 
would be carried on a piggyback, space- 
available and non-interference basis and 
that primary goals will be demonstra- 
tions of the launch vehicle's total per- 
fonnance. 

Titan 3A configuration consists of a 
modified Martin Co.-built Titan 2 
ICBM, plus a third stage, called tran- 
stage, also being built bv Martin. Titan 
3C version consists of the Titan 3A, 
called the core, plus two strap-on 74.25- 
ft.-long, solid-propellant motors, being 
developed by United Technology Cen- 
ter of United Aircraft Corp. UTC, 
which reccntlv static-fired its first test 
motor successfully (AW July 29, p. 52), 
will build 49 motors, according to Blcy- 
niaicr— 25 for test and 24 for flight. 

Bleymaicr said that as of June 1, near- 
ly all airborne parts of the Titan 3 svs- 
tem had been released for production. 


Martin Laser Yields Over 50 Watts 

Orlando, Fla.-Pcak power output of more than 50 w. from a pulsed gas laser has 
been demonstrated by Orlando Div. of Martin-Marietta Corp. here. The company, 
which started the scries of experiments at 1 w., expects to increase this figure to more 
than 100 w. soon with only minor modifications to the present equipment. 

At higher power levels— one Martin-Orlando scientist believes that 1 kw. is attain- 
able within "the not too distant futnre'-the firm foresees an application of the 

Principal advantage of this pulsed gas laser over higher peak-power solid lasers such 
as ruby rods. Martin says, is the higher pulse repetition rates available to the gas 
device. This capability would be important in the tracking of either airborne or 
orbital vehicles. 

Martin says that it has operated its gas laser at rates of 2,000 pulses per second 
(pps.), with no drop in peak power. At 3.800 pps., however, peak power for this 
laser dropped about 5096. Output is in the near-infrared at 1.15 microns. 

The laser is a quartz, tube, 130 cm. long and 3 cm. in diameter. Gas is a 40-to-l 
mixture of helium and neon (the former as the pumping and the latter as the emit- 
ting agent) at about one-fifth atmosphere. 

Electrodes— Martin has used both internal and external— normally arc spaced about 
60 cm. apart and a potential of 20 kv. applied across them. Pulse of the discharge is 
1 microsec. The company claims that the device has good gain because shortening 
or lengthening the spacing between electrodes has little effect on the laser output. 
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Navy Told to Cut Attack Carrier Force 


By Larry Booda 

Washington— Navy last week was pre- 
sented with the problem of reducing 
the size of its attack carrier force or hav- 
ing Defense Dept, make the cut itself. 
Although Navy was promised that it 
can request a slightly larger budget for 
Fiscal 1965 than it did for this fiscal 
year. Defense Dept.’s orders to modern- 
ize the amphibious and anti-submarine 
warfare surface forces arc making the 
carrier cuts inevitable. 

The attack carrier fleet now numbers 
15. Since early this year, there has been 
an internal struggle for dollars between 
proponents of attack carrier forces, anti- 
submarine carrier forces, other ASW 
forccs-both surface and air— and am- 
phibious forces. 

Only the nuclear-powered subma- 
rines and Polaris missile submarines 
have been entirely free of the budget 

^ A massive study of sca-bascd strike 
forces was begun early this year (AW 
Feb. 11, p. 35; Mar. 4, p. 21). It was 
completed May 15 and forwarded to 


Defense Secretary Robert S. McNa- 
mara by the Navy late in May. A 
parallel study on nuclear power for 
ships and the number of carriers needed 
was rejected bv McNamara and re- 
worked (AW May 6, p. 35). 

What was supposed to have been 
a final confrontation on Navy force 
sizes took place between McNamara 
and Adm. David L. McDonald. Chief 
of Naval Operations, on Aug. 12. Adm. 
McDonald, who became CNO on Aug. 
1, had prepared his own position paper, 
rather than use one prepared by his 
staff. 

The paper itself had little effect on 
McNamara and no formal presenta- 
tion was made by the Navy team mem- 
bers present. But an exchange between 
McNamara and Adm. McDonald re- 
sulted in a further delay of a decision 
on force sizes until October. That is 
when Fiscal 1965 budget request ap- 
portionments will be made. McNa- 
mara was described as impressed with 
Adm. McDonald’s willingness to look 
at all sides of the question despite 
the fact that he is a nasal aviator. 


Here is the Navy's force dilemnra as 

• McNamara has ordered modernization 
of the amphibious fleet and its support 
ships in line with his overall increase 
in emphasis in less than all-out war. 
This means a sizeable increase in the 
amount of money that will be required 
to modernize old ships and buy new 
ones. Amphibious fleet and ASW surface 
fleet are based on World War 2 ships. 

• McNamara has also ordered increased 
emphasis on antisubmarine warfare capa- 
bilities, especially modernization of the 
surface fleet. ASW carriers and land- 
based ASW aircraft forces will remain 
about the same. 

• This leaves only the attack carrier 
force funds to provide for the increases 
in the two categories above. 

Defense officials believe that the 
number of attack carriers can be re- 
duced without affecting the overall 
effectiveness of the force. They reason 
that the modern carriers of the Midway, 
Forrestal and Enterprise classes arc 
operating more modern aircraft such as 
McDonnell F-4B multipurpose fighter. 
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resulting in an effectiveness increase as 
new carriers have replaced old ones. 
The older Essex class carriers operate 
aircraft that are less effective. 

Defense Dept, delayed construction 
of heavy attack carrier (CVA) number 
67 earlier this year by the device of 
withholding funds on the pretext of 
determining whether or not it should 
be nuclear or conventionally-powered. 
Delaying a budget request for CVA-68 
until Fiscal 1966 would result in further 
substantial savings. The entire package 
for a new carrier, including aircraft, per- 
sonnel, training, ship cost and equip- 
ment amounts to more than S600 mil- 

Further savings could be made by 
shifting one or more Essex class carriers 
to ASW duty and retiring an older 
AS W carrier. However, only about S 1 00 
million savings per year would be 
realized for each one because the mate- 
rial costs have been written off for both 
the ship and aircraft. 

Force Characters 

Defense officials argue that force 
characters are bound to change with 
time. These changes now are causing 
strain in all three military' services. 
But as time goes on, they say, service 
dividing lines will become less distinct, 
so that force size changes will be ac- 
complished with less conflict. 

These officials cite the reduction of 
the manned nuclear bomber fleet, the 
shift to missiles and the leveling off of 
the missile program as examples of 
changing character of forces. The Navy 
budget, which increased more in pro- 
portion than the other services in the 
last three years with the advent of nu- 
clcar-powered submarines and missile 
launching submarines, now faces a ceil- 
ing. The Navy' itself is being given the 
chance to make its own adjustments. 
If it fails, the changes will be made 
arbitrarily bv McNamara. 

Here is the breakdown of the Navy's 
1 5 attack carriers: 

• Enterprise. This is the largest combat 
ship in the world. It is 1,101 ft. long 
and displaces 90,000 tons. It is pow- 
ered by eight nuclear reactors. It cost 
close to S500 million to build, even 
though anti-aircraft missile installations 
were eliminated. Future nuclear pow- 
ered carriers would be powered by four 
reactors, making them slightly smaller 
and slightly slower. Navy' believes the 
reduced cost would pass congressional 

• Forrestal class. These carriers, dis- 
placing 76,000 tons each, are conven- 
tionally powered and can operate the 
most advanced aircraft. The others of 
the class are the Independence, Ranger, 
Saratoga, Constellation and Kitty Hawk. 
They have joined the fleet in the last 
eight years. 

• Midway class. These three 54,000- 


ton carriers were designed during World 
War 2 and completed just after the 
war. They were the first carriers to have 
armored decks. In addition to the Mid- 
way, the Franklin D. Roosevelt and 
the Coral Sea have had angled decks 
and improved steam catapults and ar- 
resting gear installed. The three differ 
in their conversion configurations and 
all can handle the most modern air- 
craft under most conditions. 

• Essex class. These ships were all built 
in World War 2 with straight decks. 
They have been converted in similar 
fashion to the Midway class but are 
considerably smaller and can only han- 
dle aircraft that are lighter and there- 
fore have lower performance. These 
ships arc rapidly approaching obsolcs- 


Washington— Profits resulting from 
cost-reimbursement type defense con- 
tracts in the future will be tied to con- 
tractor performance, risk taken and 
amount of private investment in prop- 
erty, equipment and talent. 

Change 3-808.1 to the Armed Serv- 
ices Procurement Regulations (ASPRs) 
which became effective last month, as- 
signs weights to a number of profit 
factors that could result in a manufac- 
turer's making a gross profit of as much 
as 10% or even result in a loss of 2%. 
Past Performance 

In addition, past performance now 
will be taken into account in determin- 
ing profits. This involves evaluating 
the performance of defense contractors, 
a procedure which was ordered in De- 
fense Directive 5126.38 of Aug. 1, 
aimed principally at aiding in the selec- 
tion of contract winners (AW Aug. 12, 
p. 26). 

Under the ASPR, a contracting offi- 
cer administering a contract which is 
priced on the basis of cost analysis, will 

• Establish a profit objective which will 
permit the contractor to earn profits in 
proportion to the amount of risk in 
costs lie is willing to take. The greater 
the risk, the greater the profit. 

• Reward a contractor who has had a 
very good record of past pcrfomiance, 
and conversely, provide for lower profits 
to contractors whose perfonnance has 
been mediocre or poor. 

• Reward a contractor who provides his 
own facilities and financing or who has 
established competence through prior 
development work undertaken at his 

Officials responsible for establishing 
ASPR policies said the current 3% 
average profit on defense contracts is too 


cence for the high speed attack mis- 
sions. All but one will be overage dur- 
ing the 1960s. The ships of this-'class, 
displacing over 30,000 tons each in the 
attack carrier category, are the Bon 
Homme Richard, the Hancock, the 
Oriskany, the Shangri-La and the Ti- 
conderoga. 

The original Essex is now an anti- 
submarine warfare carrier. 

Another attack carrier, the America, 
is under construction. It is essentially 
similar to the Forrestal class. It will 
displace one of the Essex class attack 
carriers. 

In the ASW carrier fleet there are 
nine Essex class ships. Another is as- 
signed to the Naval Air Training Com- 
mand for pilot training. 


low and should be raised to provide 
greater incentive for efficient work, thus 
reducing over-all defense contract costs. 

When they were asked whether the 
Renegotiation Board, which functions 
as an independent agency under the 
Renegotiation Act, would go along with 
the idea of higher profits, the Defense 
Dept, officials could only say that they 
had been assured by the board that it 
was sympathetic to defense objectives. 
There was no assurance that in the 
future the board would not disagree 
with profits allowed by the Defense 
Dept, and order recapture of excess 

The ASPR will not apply to architect 
engineering contracts, personal or 
professional contracts, management 
contracts for operation of government- 
owned facilities, contracts with non- 
profit organizations where fees arc in- 
volved, or to termination settlements. 
Reward Percentages 

Suggested reward percentages for 
types of contracts arc: cost-plus-fixed- 
fee. 0-1 %: cost-plus-inccntivc-fee includ- 
ing cost incentive only, 1-2%; cost-plus- 
incentivc-fce including cost, perform- 
ance and delivery incentives, 1.5-3%; 
fixed-price-incentive including cost in- 
centive only, 2-4%: fixcd-price-inccn- 
tive including cost, perfonnance and 
delivery' incentives, 3-5%; prospective 
price redetennination, 4-5%; firm fixed- 
price, 5-7%. 

Weight ranges for a contractor's in- 
put to total perfonnance vary from 1 % 
to 15%; including materials, labor, 
overhead and general expenses. As- 
sumption of cost risk ranges between 0 
and 7%, record of past performance 
between —2% and 2%, and resources 
(financial, facilities, etc.) from —2% 
to 2%. 


Defense Profits Will be Linked 
To Contractors’ Performance 
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Kennedy Names Black as Advisor 
On Supersonic Transport Program 


Washington-Prcsidcnt Kennedy last 
week named former World Bank Direc- 
tor Eugene R. Black as his special finan- 
cial advisor on the development of a 
U. S. supersonic transport. 

At the same time. Federal Aviation 
Agency sent requests for proposals to 
airframe and engine manufacturers for 
a supersonic transport design which is 
faster than Mach 2.3, carries a 30- 
40,000-lb. load and has a range of at 
least 4.000 mi. Deadline for submission 
of the proposals is Jan. 14. 

Kennedy’s action was taken "to as- 
sure the effective marshalling of" fed- 
eral and private resources to accelerate 
the U. S. project. He named Stanley 
dej. Osborne, board chairman of Olin 
Mathieson Chemical Corp. as Black's 

Hie FAA requests for proposals 
establish basic criteria which FAA feels 
are minimum performance require- 
ments. Last week, N. E. Halabv, FAA 
administrator, emphasized that the pro- 
gram, as presently visualized, will be 
undertaken as a private enterprise 
project, with no government participa- 
tion beyond the pre-production phases. 

Here is the SST program as it was 
projected last week: 

• Airframe and engine manufacturers, 
airlines and other interested groups will 
meet in Washington next month for a 
progress evaluation report on their pro- 

• Proposals will be studied between Jan. 

1 5 and May 1 at which time contractual 
agreements will be negotiated if pro- 



posals prove practical. Meanwhile, 
Black and Osborne will furnish the FAA 
with the results of their financial find- 
ings. which will be used in the final 
evaluation of the proposals. 

• During the following 12 months, a 
period now termed Phase 2 of the pro- 
gram, manufacturers will conduct a de- 
tailed design program in cooperation 
with the government according to the 
terms of the agreements. 

• Phase 3 will begin May 1, 1965, and 
will include design, fabrication and first 
testing. This phase will continue for 1 2 
months, after which time the govern- 
ment will withdraw from the program. 
The first test flight is scheduled for earlv 
in 1967. 

Halabv said lie hoped the proposals 
will permit Phase 2 work to be con- 
fined to one airplane and a single en- 
gine type. If not, he said he would be 
willing to have the design details in- 
clude two aircraft models and two 
engine types. 

Determination of aircraft configura- 
tion, engine thrust and airframe size 
will be left to the manufacturers and 
the airlines. Halabv said he anticipates 
an aircraft that will carry between 125 
and 160 passengers plus 5,000 lb. of 
cargo. He estimated that engine thrust 
will be in the neighborhood of 40,000 
lb, per engine. 

Halabv expressed doubts that the 
British/Freneli Concorde supersonic 
transport (AW July 1 5, p. 38) will be 
ready for flight testing by 1966. He 
said 1967 appeared to be a more likely 
date and added that even then, sub- 
stantial time will be consumed in test- 
ing the safety factors and profitability 
of the aircraft in commercial operation 
before it is placed into production. 

He said the FAA has no idea yet of 
the proposed speed of the Concorde 
but said the U.S. aircraft should fly- 
faster than Mach 2.2 and should be 
constructed of titanium and stainless 
steel. He said the plane must handle 
as easily as a subsonic transport and 
must have a range of at least 4,000 mi. 

The U.S. plane will not be placed 
into production until its capability of 
flying at a profit for the airlines is dem- 
onstrated, he said. "We do not wish to 
push the airlines back into subsidy," he 
said. But he noted that the U. S. SST 
probably will cost more to build than 
the Concorde. 

He said the U.S. aircraft industry had 
been successful in producing long- 
range jets and adequate all-cargo air- 
craft. but "has not risen with the sup- 
ply to meet the demand” for short-range 
jet aircraft. 


News Digest 


Lt. Gen. William W. Dick, Jr., com- 
mander of the Army Air Defense Com- 
mand at Ent AFB, Colo., will relieve 
Lt. Gen. Dwight D. Beach as Army 
chief of research and development on 
Aug. 20. Gen. Beach will become 
Commander of the Army Combat De- 
velopments Command. Gen. Dick will 
be relieved by Lt. Gen. Charles B. Duff, 
who is presently Comptroller of the 

Douglas S-4 flight stage for the first 
time successfully completed a full-dura- 
tion static test firing lasting more than 
7 min. on Aug. 12. First static test, a 
week earlier, was cut short at 1.36 min. 
due to an erroneous fire warning (AW 
Aug. 12, p. 27) transmitted by an overly 
sensitive test stand temperature detec- 
tor. The six Pratt &• Whitney RL-10 
engines were fired in a near-vacuum 
environment at a full thrust of 90,000 
lb. in both tests. 

Delta Air Lines has ordered two addi- 
tional Douglas DC-8 transports for de- 
livery' in May and November, 1964. 
The aircraft, which will be powered bv 
Pratt & Whitney JT3D-1 turbofaii 
engines, will increase Delta's fleet of 
DC-8s to 1 4. Price of the aircraft is ap- 
proximately $6 million each. 

Parachute recovery system for the 
Gemini spacecraft successfully com- 
pleted its first water drop test at Salton 
Sea, in southeast California Aug. 8. The 
drop was made from 20,000 ft. using a 
Gemini boilerplate model. Five success- 
ful land drops were achieved during the 
past three months at nearbv El Centro, 
Calif. 

Northrop X-21A No. 2 was ferried 
from the companv's Norair Div. plant 
at Hawthorne, Calif., to Edwards AFB 
last week. The new plane will join the 
No. 1 aircraft (AW June 24. p. 52) in 
the USAF-sponsored laminar flow con- 
trol test program. 

Civil Aeronautics Board last week 
issued its formal order in the New 
York-Florida Route Case, rcaffinning an 
earlier decision that Northeast Airlines 
should be removed from the Florida 
market (AW Aug. 5, p. 42). The order 
said the carrier should be granted sub- 
sidy for operation of its routes in New 
England. 

High-intensity light on the Anna geo- 
detic satellite, which has been inopera- 
tive since last spring, has turned back 
on. Applied Physics Laboratory said last 
week. The satellite was launched last 
Oct. 31. 
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CAB Urges Local Service Subsidy Cuts 


Report to White House proposes one-third reduction 
in five years; carriers’ size ambitions are criticized. 

By Robert H. Cook 

Washington— Reduction of the local service airline subsidy bill by at least 
one third over the next five years was recommended last week by the Civil 
Aeronautics Board in a highly critical analysis of the industry presented to 
the White House. The subsidies are now running more than $60 million a 

Main thrust of the report, prepared in compliance with President Ken- 
nedy’s transportation message to Congress last year, is that while the industry' 
has done a good job in controlling costs, its rising subsidy bill reflects the 


ambitions of many locals to achieve 
their status as “grass roots” operators. 

Secretary of Commerce Luther 
Hodges was named by the President to 
head a special committee, composed 
of representatives of the Federal Avia- 
tion Agency, the Bureau of the Budget, 
and the Council of Economic Advis- 
ers. which will review the report and 
make recommendations for any neces- 
sary administrative or legislative action. 

The report put the industry on no- 
tice that CAB feels the time has come 
for the local service airlines and the 
government to “realize the fruits of 
growth and modernization.” Subsidy 
needs should now begin to decrease 
as traffic grows to fill the expanded ca- 
pacity created bv Board approval of 
route extensions and re-equipment pro- 
grams, the report said. 

Report Critical 

At the same time, the report criti- 
cized much of the industry's flight re- 
equipment program for failing to meet 
actual needs of the airline routes or 
producing savings that would lead to 
a subsidy reduction. The venerable 
DC-3, which still provides nearly half 
the local airline sendee, still remains the 
most economical aircraft from the view- 
point of needed subsidy support, and 
there seems little chance that it will 
be replaced within the next five years. 

The Board promised to continue to 
cooperate in industry's attempts to find 
a DC-3 replacement, but refused to 
halt the subsidy reduction plan while 
the search goes’ on. Noting that the 
modem piston engine aircraft now 
being used by the local sendee airlines 
provide increased speed and capacity, 
which is literally useless over the indus- 
try's short haul routes, the report also 
rejected any move by the industry to 
compound this problem by ordering 
faster and larger jet equipment. 


trunkline status rather than maintain 


Industry’s hopes that the Board might 
grant non-competitive entry into more 
densely populated market areas and 
direct short haul competition against 
the trunk carriers were dashed. The 
report criticized the magnitude of the 
request and suggested that local service 
carriers first prepare individual studies 
of what they seek as a starting point 
for further CAB study. 

Saving of SI 2 5 million in total sub- 
sidy over the five year period could be 
achieved the report said. But Board 
allowances for additional subsidy in 
some areas, plus a provision for price 
increases, would drop this figure to 

561.6 million. Other subsidy reductions 
planned for the helicopter, Hawaiian 
and Alaskan operators would bring the 
total savings for the five years back up 
to S74.6 million. 

The net subsidy reduction for the 
local sendee airlines would start at S3.5 
million for the first year and reach 

515.7 million by the end of the fifth 
year. The eventual reduction of heli- 
copter subsidy by S2 million, of the 
Hawaiian subsidy by S500.000 and of 
the Alaskan carriers' subsidy by S3.7 
million would drop the industry's ag- 
gregate subsidy cost by S24.8 million at 
the end of five years. 

Leaning heavilv on an expected con- 
tinuation of traffic growth, the Board's 
report is based upon these major prem- 

• Local service growth rate has been 
averaging 4% during the past few 
years. If applied to the 1962 commer- 
cial revenues of $138 million earned by 
the small carriers, this would produce 
added gross revenues of S5.5 million 
during the first year of the subsidy re- 
duction program and S30 million by 
the fifth year. Load factors in this pe- 
riod can be expected to rise from the 


present 42.3% average to about 4S% 
and by "judicious management, placing 
capacity only where needed" the added 
expense of handling this new traffic 
should require only one half of the addi- 
tional revenue, the report said. 

• Flight frequency, or capacity, was 
singled out for particular scrutiny by 
the Board, which gave clear notice that 
it intends to severely limit its subsidy 
support of frequencies. 

While there is a “common mental 
picture" of the local service industry as 
providing infrequent flights to small 
and medium points, much of the indus- 
try has “gone far beyond this,” the re- 
port said. It cited the example of Chi- 
cago-Mihvaukee. which received 20 
daily, round-trip, local sendee flights in 
one day last October. In the same pe- 
riod, New York-Albany received 12 
round trips: Ft. Worth-Dallas 10 trips 
and Rochester-Buffalo 8 trips. A total 
of 49 other heavily populated markets 
received from 5 to 10 daily round trips. 
Market Survey 

Surveying the over-all local service 
market, the board recommended that 
subsidy be provided for two daily round 
trips from small and medium communi- 
ties to large traffic centers, plus third 
and fourth trips at lower subsidy rates 
in larger market areas. Any schedules 
beyond these would be paid for entirely 
by the airline. 

Under the present “class mail rate” 
subsidy formula. CAB will subsidize a 
maximum of eight round trips a day per 
station. The formula will be revised to 
lower this to seven trips a day between 
any two points the first year, 'five a day 
the second year and four by the third 
year. This would reduce subsidy by a 
total of S6.6 million in three years. 

As the Board forces a cutback of fre- 
quencies in most of the high density 
areas, it plans to require a minimum of 
two daily round trips a day at 42 of the 
smaller local service communities. Ad- 
ditional subsidy of $1.8 million a year 
will be required for this purpose and it 
will be included in the “class mail rate" 

• CAB currently lists about 1 20 com- 
munities as subject to the “use it or lose 
it” regulation and expects that nearly 
one third of these points which fail to 
generate less than five passengers a day 
will be eliminated from the local sen- 
ice system. Subsidy saving here 
would be about S.4 million a year, or S2 
million during the fivc-vear reduction 
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• Consolidation of airline services at 
two or more cities into one area airport 
are a major point of the reduction 
schedule. CAB estimates that local 
service operations can be transferred 
from 67 airports, 23 of which may be 
affected by the “use it or lose it” pro- 
cedures. (>f the remaining 44, 10 can 
be eliminated in each of the first two 
years and the balance in the last three 
years. Cost studies indicate a net an- 
nual subsidy saving of more than $50,- 
000 per airport. Total subsidy saving 
in the five-year span would approximate 
$6.9 million. 

Board Doubt 

The Board complimented the indus- 
try on absorbing the increased cost of 
operations without raising the price of 
its product, but expressed doubt whether 
the local operators could continue to 
do so. By the third year of the subsidy 
reduction program, unit costs of the 
carriers may increase as much as 2%. 
Rather than absorb such an increase en- 
tirely through subsidy, CAB would pre- 
fer that 75% of this cost increase be 
paid by the airline customer and 25% 
by subsidy. 

If this happens, the report said, the 
extra subsidy required would amount 
to $1 million in the third year; $2 mil- 
lion in the fourth and $3 million in the 
fifth year. 

Industry pride in having replaced 
more than half of its DC-3 fleet with 
faster and larger equipment and its 


Washington— U. S. domestic trunk- 
lines are now expected to show a 10% 
traffic increase for 1963 but a trend to- 
ward the low-yield family plan— al- 
though it is causing a new demand for 
first-class seats— could prevent a corre- 
sponding rise in revenues. 

Comparative figures for the two 
months are not entirely realistic, since 
Eastern Air Lines suspended operations 
between June 23 and July 22 last year 
as a result of a flight engineers' strike. 
Service was restored on a gradual basis. 
Consequently, carriers which benefited 
directly from the grounding of Eastern- 
Delta, National and Northwest-showed 
a decline in traffic volume in July this 
year compared with the same month 
last year. 

Significant in recent traffic activities 
has been a decided resurgence of first- 
class load factors which, for the past few 
years, have dwindled steadily as passen- 
gers showed a growing preference for 
the low-cost tourist seat. Even the ex- 
pense account traveler had been forced 
to make the switch as large businesses 


hopes to acquire even more sophisticated 
equipment, were questioned closely by 
the report. 

Noting that the speed and capacity 
of many more modem aircraft are of 
little value to the local sendee airline, 
the report expressed doubt that the in- 
dustry will find any replacement more 
economical than the DC-3 in the near 
future. Too often, comparisons between 
aircraft types are made without includ- 
ing depreciation or by including this 
expense without allowing for the effect 
of a return on investment and tax 
allowances. As an example, the report 
cited one aircraft with a bcfore-deprecia- 
tion plane milepost of 3 cents per mile 
less than the DC-3. The addition of 
depreciation cost, return on investment 
and tax allowances finally raised the 
complete plane mile cost to 30% more 
than that of the DC-3. To offset this 
increase, the more modem aircraft 
would require 30% more passengers 
than the DC-3, CAB said. 

The report further said that while 
the Board is pleased with the joint local 
service airline and aircraft manufactur- 
ers’ interest in replacing the DC-3, there 
does not seem to be any likely replace- 
ment on hand or under development. 
CAB will continue to cooperate in the 
search for a satisfactory' replacement but 
cautioned against purchasing more of 
the presently available replacements 
which have operating economies offset 
by depreciation and return on invest- 
ment expenses. 


and industries directed their personnel 
to use the tourist plans on jet flights. 

The family plan, now in effect on 
many airlines seven days a week rather 
than on off-peak days, has changed that 
and passengers are now moving back 
into the first-class compartment to take 
advantage of the lower rate. Under the 
plan, a passenger holding a first-class 
ticket can take his wife and members 
of Ins family at half-fare, the combined 
outlay being less than the cost of an 
equal number of tourist scats. 

While the family plan has helped fill 
the first-class section, it has reduced 
over-all vicld. thus indicating that the 
heaviest traffic flow is toward the lowest 
fare structure. In effect, the airlines, 
which have wanted to narrow the mar- 
gin between first-class and tourist fares 
by raising tourist fares, are reducing 
that margin by cutting first-class rates. 
Travelers on the family plan arc pro- 
ducing less yield than arc tourist passen- 

Thc switch caused by the family plan 
was reflected in July by a decline in 


coach or tourist load factors. For ex- 
ample, American Airlines reported a 
jump from 45% to 57% in first-class 
load factors and a decline in coach 
load factors from 64% to 61%. Load 
factors reported by United Air Lines 
for July showed an eight point increase 
in first-class load factors and a six point 
drop in coach load factors. 

The trend is visible throughout the 
industry. It is too early to determine 
whether the family plan is draining 
traffic from the coach section to a still 
lower revenue-producing category of 
travel without attracting new traffic 
from surface transportation to offset the 
reduced yield. If this is occurring-if 
promotional fares are merely diverting 
regular air travelers from one class to 
another without opening new markets 
as United contends— then gross reve- 
nues for the year will be depressed. 

If the trend continues, trunklines 
soon will be required to increase the 
number of first-class seats, which has 
remained fairly constant for the past 
few years. Such a change in seating 
configuration would reduce the total 
number of seats on jet aircraft. This 
in turn, would bolster load factors 
without giving any appreciable strength 
to revenues. 

Traffic Rise 

Meanwhile, there are no signs that 
coach business is beginning to suffer as 
a result of the diversion to first-class. 
In July, coach traffic rose 21% against 
a 24% increase in first-class traffic. Spe- 
cial promotional fares, particularly the 
50% discount to military personnel 
traveling on furlough, undoubtedly are 
arresting any decline in the volume of 
coach traffic but such traffic also results 
in a low yield per seat mile. If such 
traffic is filling seats that might other- 
wise be empty, the airlines gain. If it is 
regular traffic taking advantage of lower 
fares, revenues will be depressed. 

Total revenue passenger miles for the 
industry increased 22% in July and 
16% in June, compared with the same 
months last year. Assuming that East- 
ern had maintained normal operations 
during these two months in 1962, it 
can safely be estimated that traffic in- 
creases would have been about 13% 
in July and about 9% in June of this 
year, compared with these 1962 pe- 

These are impressive gains in view 
of the average 7% monthly increases 
recorded during the first five months 
of 1963. In addition, the industry load 
factor for June is the highest monthly 
level reached since June, 1961. 

In June, revenue passenger miles 
passed the 3 billion mark for the first 
time in airline history' and remained 
above that level in July. Available seat 
miles also hit new peaks in June and 
July. 


Family Fare Plan Producing Shift 
To First Class as Traffic Climbs 
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Capability has many faces at Boeing 



American, TWA to Swap Engine Overhaul 


New York— American Airlines and 
Trans World Airlines have reached a 
reciprocal agreement on engine overhaul 
that extends to major flight equipment 
a trend that began with joint parts in- 
ventory programs and ground handling 
equipment. 

TWA will overhaul Pratt & Whitney 
JT8D turbofan engines for American’s 
25 Boeing 727 three-engine transports 
on order as well as its own 727 engines, 
at its Kansas City overhaul base. 

American, in turn, will overhaul Gen- 
eral Electric CJ805-3 engines powering 
TWA’s 26 Convair 880s at its Tulsa 
overhaul base. Turbofan CJ805-23 en- 
gines for American’s Convair 990s are 
being overhauled on a line set up for 
them at Tulsa, but TWA has had its 
CJ805 overhaul carried out by CE at 
GE's Ontario, Calif., plant because of 
lack of space at Kansas City. 

Economies in the program largely 
are in avoiding costs. TWA will not 
require the capital spending for tooling 
and facilities to overhaul the CJ805, 
and American eliminates similar ex- 
pense for the 727 engine. 

Significance of the agreement is that 
airline overhaul base inventory and tool- 
ing is the largest portion of airline sup- 
port, Pooling agreements, though much 
discussed, have contributed little actual 
savings for domestic airlines up to now 
because they have not attacked this area. 

"The agreement is significant even if 
it only helps us find out if we really can 
make some gains in this area.” F. C. 
Wiser, American Airlines vice president 
for maintenance and engineering, com- 

The reciprocal feature does not nec- 
essarily set a pattern for further agree- 
ments, since opportunities for such 
equal exchanges are limited. However, 
TWA is seeking additional JTSD over- 
haul work from airlines ordering the 
727 or the Douglas DC-9. 

American overhauls CJ805-3B and 
-23B engines powering a Federal Avia- 
tion Agency Convair 880 and 990 
respectively. 

American regards the plan as an im- 
portant demonstration of the concept if 
it works out as successfully as its au- 
thors expect. 

Smaller airlines should find the in- 
ventory saving gained in contracting 
for their overhaul especially appealing. 
Wiser believes. 

Previous efforts of this kind, such as 
American’s system in which Allison 
Div. of General Motors handled over- 
haul of American’s Electra engines, did 
not meet expectations. Wiser now be- 
lieves the essential element is that such 
work must be handled by airline people 
for airline people. 


Another essential element is the con- 
fidence factor. No warranties are in- 
volved in the agreement. Other than a 
few liaison personnel, no American em- 
ployes will be based at Kansas City and 
no TWA employes at Tulsa. Each air- 
line is relying on the other to perform 
the work on exchange engines as if they 
were their own. The agreement does 
provide for exchange of orderly, accu- 
rate, and complete engine performance 
and overhaul records. 

TWA will remove its 880 engines at 
Kansas City, strip the power package 
down to the bare engine at the overhaul 
base, and truck it to Tulsa for overhaul. 
American will do the same with its 727 
engines at Chicago. 

Overhauled engine packages will be 
waiting at each point for installation. 
Generally American JT8Ds will go back 
into American airplanes and TWA 
JT8Ds into TWA airplanes, but pro- 
vision is made for limited pooling. 

American will be overhauling more 
TWA engines than TWA will overhaul 
American JTSDs, but the CJ805 has a 
TBO now of 2,500 hr. Time between 
overhauls has not been established for 
the JTSD but it is expected to begin at 
1,000 to 1,200 hr. 

Each airline will bill the other for 
work perfonned on fees worked out 

To help equalize work loads further, 
American will only overhaul the bare 
engine for TWA, but TWA will get the 
entire engine and accessories from 


New York-Right of the Allied Pilots 
Assn, to break away from the Air Line 
Pilots Assn, and sign its own contract 
with American Airlines was upheld here 
in a federal district court decision last 

Judge Inzer B. Wvatt of the South- 
ern District Court of New York ruled 
against ALPA in that union’s suit which 
sought to enjoin American from signing 
the contract with Allied. ALPA con- 
tended that it, not Allied, was the recog- 
nized bargaining agent for American's 

Henry Weiss, counsel for ALPA, has 
appealed the decision. A hearing on 
the appeal will be held Sept. 3 before 
a three-judge panel in the Second Cir- 
cuit U. S. Court of Appeals here. 

“To give the ALPA national organi- 
zation, controlled by employes of other 
airlines, a veto power over contracts 
negotiated bv the American pilots, who 
must work under the contract, is not 
consistent with democratic procedure," 
Judge Wyatt said. 


American’s 727s. Some exceptions are 
provided, however, in cases where spe- 
cialized capability exists. American will 
handle turbocompressor overhaul for 
TWA, and it will also continue to 
handle its own constant-speed drive 
work for the JTSD, since this unit will 
be generally standard with American’s 
Boeing 707-series airplanes. 

First TWA engines will not go to 
Tulsa until February to permit an or- 
derly phase out of the contract with 
GE. TWA will begin support of Amer- 
ican’s JT8D engine operation immedi- 
ately with support planning and ma- 
terial provisioning. American 727s will 
enter service next spring. 

During the first year of the five-year 
agreement, American will do twice the 
engine work for TWA that TWA will 
do for American. American’s work load 
will still be greater the second year, but 
by the third year the work loads will 
balance. 

American will add about 70 employes 
at Tulsa to handle extra work during 
the early phases of the agreement. 
Eventual effect will be to stabilize em- 
ployment at both bases, rather than in- 
crease or decrease it. 

R. M. Dunn, TWA vice president 
for technical services and an early advo- 
cate of spares pooling, negotiated the 
agreement for TWA. Discussions with 
Wizer for American had begun more 
than a year ago, but final action on the 
plan was stalled by American’s appli- 
cation to merge with Eastern Air Lines. 


However, Judge Wyatt issued a com- 
panion decision upholding a suit 
brought by the Flight Engineers Inter- 
national Assn, which establishes that 
union’s rights to represent American’s 
flight engineers. 

Shortly after Judge Wyatt’s decision, 
Asher Schwartz, counsel for the flight 
engineers, presented the union's con- 
tract demands to American. The con- 
ditions include a training program cost- 
ing $10 million for the engineers to 
obtain their commercial and instru- 
ment pilot ratings. 

American has said repeatedly that it 
will not pay for such training. But the 
engineers consider the pilot rating im- 
portant, particularly since other car- 
riers, such as Trans World Airlines and 
Eastern Air Lines, have agreed to pay 
such costs and the FEIA wants all its 
members equally qualified. 

American's engineers also want their 
contract to assure them permanent right 
to the engineer's seat, a job security 


Court Upholds Allied Pilots Pact 
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Which exhaust valve is the real bargain? 


The exhaust valve on the right was sold at economy 
prices as a new part for Pratt & Whitney Aircraft’s 
R-2800 engine. 

Superficially, it resembles the genuine Pratt & 
Whitney Aircraft original equipment part at left. 
But laboratory tests show that it has been re- 
worked. The stem tip has been replaced with 
material which is less than half the specified hard- 
ness. Material has been added to the entire stem 
to compensate for wear and pitting. 

Compromising quality for the sake of saving 
may be justified in some things — but never in 
aircraft parts. Engine operation quickly reveals 


weak components and the result may be both 
serious and costly. 

The key to genuine engine economy is long-term 
component reliability. The best way to ensure this 

parts. They arequickly avail- ES| 

Whitney Aircraft or from 

its authorized distributors 

throughout the United £ x [ r a a y t^s7°att e & 0 wwine y 

States and Canada. Aircraft parts must pass. 


Pratt & Whitney Aircraft 
United Aircraft of Canada Limited 
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BEA Chairman Urges Parliament 
To Reject BOAC Merger Idea 


London— Airline management fight 
to keep the two British state-owned 
carriers separate came into the open here 
last week when Lord Douglas of Kir- 
tleside, chairman of British European 
Airways, wrote 50 members of Parlia- 
ment urging them not to support a 
merger with British Overseas Airwavs 

Douglas’ letter lends weight to specu- 
lation that the still-secret Corbett Re- 
port into BOAC’s financial structure 
will recommend a merger or, at least, 
a joint management board (AW Julv 
Up. 40). 

In a memorandum accompanying the 
letter, Douglas said that, in the event 
of a merger, "staff morale would suffer 
catastrophically." BEA is expected to 
show a record profit when its accounts 
are made public next week; on the 
other hand. BOAC probably will re- 
port another large loss. 

Points Enumerated 

Points made to the MPs by Doug- 
las include: 

• Merged corporation would be very 
large, with about 38,000 employes. 
BEA now employs 16,000 and BOAC 
22.000. 

• Merged airline with two separate 
functions, short- and long-haul, would 
be difficult to control by one board and 
one management who could not devote 
enough time and attention to the par- 
ticular problems of each. 

• Traffic carried by a merged BEA- 
BOAC from the U, S. to the Continent 
would not increase substantially if they 
operated through services. Douglas 
noted there are direct sendees con- 
necting the U. S. and the Continent 
"and passengers don't like an inter- 
mediate stop at London, unless they 
stop over in London, in which case a 
through sendee is of no advantage." 

• Loss of interline revenue would result, 
particularly in dollars, because BEA is 
not a North Atlantic competitor. The 
BEA chairman told the MPs that one 
major U. S. airline has issued a direc- 
tive to all its sales points that they are 
to give BEA priority on interline sales. 

Douglas also contended there would 
be no savings in operating costs and 
administrative savings would be small. 
Douglas claimed that in event of a 
merger. BEA’s operations would, in 
effect, become just the European divi- 
sion of BOAC. Savings, he said, might 
be possible from combining ancillary 
services but would be outweighed by 
a loss of revenue. Regarding costs, 
Douglas said that with two manage- 
ments, one can act as a “brake" on 


the other on labor and wage policies. 

Another argument against merger. 
Douglas said, is that profits earned on 
BEA routes arc never likely to be suffi- 
cient to offset the losses from BOAC 
operations, if the airline’s present rate 
of loss continues. A merged corporation 
thus would be likely to have a deficit 
as long as BOAC had a loss, he con- 
tended. 

Douglas pointed out that BEA’s suc- 
cess has been due in large part to "sta- 
bility in its direction, and to a refusal 
to be deflected from its primary' aim 
of operating as a strictly commercial 
concern.” He continued: 

Commercial Basis 

"If BEA is to conduct its affairs on 
a proper commercial basis, it must be 
left free to do so. Once other considera- 
tions— such as a requirement for BEA 
to do, or not to do. something because 
of its effect on BOAC— are allowed to 
creep in, the incentive to run the busi- 
ness profitably begins to die.” 

Meanwhile. BEA pilots this week 
will receive union strike ballots in a 
dispute with management over promo- 
tions to Comet and Trident captancies. 
The issue invloves a seniority system of 

The Corbett Report, or at least por- 
tions selected bv Minister of Aviation 
Julian Amoy, will be presented to Par- 
liament this fall in a White Paper on 

Flag Carriers Favor 
Lower Atlantic Fares 

Washington— First position reports of 
international flag carriers on a transat- 
lantic fare structure, filed with the Civil 
Aeronautics Board last week, show a 
decided trend toward lower fares. 

Reports also reveal strong differences 
of opinion on the fare level and the type 
and quantity of promotional fares which 
should be adopted. 

No carrier appeared willing to cut 
fares to the level proposed recently bv 
Pan American Airwavs with its thrift 
fare (AW July 1, p. 42). 

One carrier urged simplification of 
the tariff structure while others pro- 
posed broadening of promotional fare 

Initial reports are essentially meaning- 
less at this time and serve only as a 
basis of continuing negotiating, which 
will be climaxed by the formal meeting 
of the International Air Transport Assn. 
Traffic Conference beginning Sept. 7 
at Salzburg, Austria. 
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This fact bears repeating: Air 
France is the world’s largest air- 
line. Air France carries cargo on 
the longest system of undupli- 
cated route miles— 201,000— of 
any airline in the world. Air France 
serves more cities in more coun- 
tries than any other airline in the 
world. If you're a Forwarder, you 
can break bulk freight shipments 
in Paris, Europe's finest break 
point. Then forward your cargo on 
the same airline to nearly any 
capital city in the world. Terminal 
and transfer facilities at Orly are 
the world’s most modern. Their 
only match: The Air France Idle- 
wild Terminal in New York. Three 
all-cargo Super H flights depart 
from here each week. Plus daily 
jet flights. (Air France also jets 
cargo from Chicago, Houston, Los 
Angeles, Anchorage and Mont- 
real.) For special cargo, special 
aircraft diversions are quickly 
arranged. Where in the world do 
you ship to? Air France, world's 
largest airline, serves the area. 
Discuss this with your Freight For- 
warder or Cargo Agent. Or call on 
Air France Cargo Service Office. 

AIR PRANCE 
CARGO 
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For the frozen frontiers: 

a family of steels to which zero means nothing 


Strange things happen in the world of ultracold. Some metals get stronger but 
sometimes so brittle they shatter like glass. Others become superconductors. 
The load-carrying capacity of some fluctuates wildly. Material selection, in this 
strange Pandora’s Box world, must depend on carefully accumulated perform- 
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ASTM A201 and A212: 
for many years the 
only low-temperature 
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cut pressure vessel 
weight up to 50% 
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ance data. We have a wealth of such data at United States Steel, plus compar- 
ative design studies, that will make your material problems easier. Ask for a USS 
cryogenics specialist by calling our nearest sales office, or writing United States 
Steel, Room 6834, 525 William Penn Place, Pittsburgh, Pennsylvania 15230. 
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SHORTLINES 


AIRLINE OBSERVER 

► Continuing switch of U.S. travelers from foreign flag carriers to U.S. air- 
lines on North Atlantic routes (AW June 3, p. 36) is creating a serious over- 
capacity problem for a number of foreign carriers. Both Pan American and 
TWA are reporting substantial gains for the number of passengers carried 
on the route during the first six months of the year. Pan Am said its share 
of the market has increased by 12% in this period and TWA’s revenue pas- 
senger miles jumped 36% over the same period last year. But the total 
traffic carried by the 18 airlines serving North Atlantic routes rose only 5%. 
Tire explanation can be found in the big jump in capacity. Available seats in 
the first half of the year for all carriers climbed 17% and the number of 
flights increased 12%. The over-all load factor for the 18 airlines in the 
North Atlantic dropped five points to a low 45%. 

► Jockeying of U. S. government agencies for control of the development of 
a supersonic transport continues to delay the start of a definitive program. 
Both National Aeronautics and Space Administration and the Federal Avia- 
tion Agency are maneuvering cautiously for the assignment. Last month, 
the Aeronautical Systems Div. of the Air Force Systems Command was busy 
establishing a supersonic transport project office. There were eight candidates 
for director, seven of them general officers. Last week, however, the effort 
was abraptly halted, suggesting that the Air Force project may have collided 
with the program under way at FAA. 

► Alfred R. Stout, head of the Civil Aeronautics Board Rates Div., is slated 
to attend the International Air Transport Assn. Traffic Conference in Salz- 
burg, Austria, as official U. S. observer of proceedings (AW July 29, p. 28). 

► British Overseas Airways Corp., taking a cue from the other nationally 
owned airline, British European Airways, has applied for permission to sell 
standby fares on the London-Manchcstcr and London-Glasgow routes in an 
attempt to fill empty seats. BEA claims an extra 50 passengers a day are 
attracted by the standby arrangements, which offers lower fares. BOAC 
would cut fares by one-third if approval is granted. 

► Tasman Empire Airways, Ltd., (TEAL), the New Zealand national airline, 
will pay for its three Douglas DC-8 jet transports (AW Aug. 12, p. 39) 
through an overseas loan of S28 million. F. A. Reeves, TEAL general man- 
ager, said loan and interest charges will be repaid from company resources. 

► Rapid development of the Turbomeca Astazou 10 turboprop engine has 
made it possible for Short Bros. & Ilarland to increase gross weight of 
Turbo-Skvvan transport to 12,500 lb., with a 4,000 lb. payload. The engine 
will be offered for the production Turbo-Skvvan but the prototype, now being 
modified, will fly with two Astazou 2 engines for flight test purposes. Astazou 
10 develops 645 clip., against 550 clip, for the Astazou 2. 

► Continental Airlines is shrugging off publicly-expressed doubts about the 
firmness of its orders for three Anglo-French Concorde supersonic transports. 
One company official said "those orders are as firm as the ones we placed for 
Boeing 707s and we’re flying those.” He said published statements imply- 
ing that the order for the Mach 2.2 aircraft was a publicity gesture “aren't 
worth answering." Indication of the seriousness of intent, he said, is that 
the $30 million purchase has been cleared with Continental's bankers. 

► Progress in air transportation is sometimes a relative thing. A 1930 time- 
table shows that a shuttle service was operated every hour on the hour 
between Washington and New York (Newark) at a one-way fare of S14.70. 
Eastern Air Lines current Air-Shuttle rate is SI 5. The 1930 sendee was 
offered by the old New York, Philadelphia and Washington Ainvay Corp. 

► Danish government will be in the market soon for passenger helicopters 
as it implements a decision to try to attract tourists to Greenland. 
Tentative plan is to fly tourists to Greenland villages from Scandinavian 
Airlines System's airport at Sondrestrom Fjord. Danes have shown an 
interest in the Sikorsky S-61. 


► Allegheny Airlines has reported a net 
income of 581,004 on gross revenues of 
SI 2 million for the first half of 1963. 
This compares with a net income of 
S346.944 on gross revenues of 511.1 
million during the first six months of 
1962. 

► Civil Aeronautics Board has ordered 
Samoan Airlines to resume service on 
its certificated route before next Feb. 
4 or lose its operating certificate. The 
Board found that Samoan had discon- 
tinued sendee between Pago Pago, 
American Samoa, and Apia. Western 
Samoa, for a “substantial time.” 

► Federal Aviation Agency has selected 
19 technical papers dealing with all- 
weather landing systems for presenta- 
tion at its second International Re- 
search and Development Symposium 
at Atlantic City Sept. 16 through 18. 
Sixteen foreign governments have indi- 
cated they will be represented at the 
symposium. 

► Flying Tiger Line has reported a net 
loss of S833.942 after a provision for a 
federal income tax credit of S9 37,000 
for the first six months of 1963. Gross 
revenues for the period were 519.2 mil- 
lion. compared to 525 million in the 
first half of 1962, when net income re- 
ported was 51 million. 

► Lake Central Airlines last week sent 
an aircraft evaluation team to France 
where it will study the Nord-262 twin 
turboprop transport (AW June 10, p. 
26). Nord has prepared special route 
studies representing the operation of 
the 29-passenger aircraft on Lake Cen- 
tral’s system. 

► National Airlines has shown a 10% 
increase in off-season tourist traffic in 
the Miami market this summer as com- 
pared with the same period last year. 

► Trans World Airlines will place into 
service this week two of the six Con- 
vair 880 aircraft which it purchased 
from General Dynamics Coq>. earlier 
this month (AW Aug. 12, p. 49). The 
planes have been on lease to Northeast 
Airlines but General Dynamics earlier 
had demanded that the fleet be re- 
turned because Northeast was 54.8 mil- 
lion behind in lease payments (AW 
June 24, p. 40). 

► United Air Lines flew 1.2 million pas- 
sengers 860.7 million revenue passenger 
miles in July. The carrier said these 
figures are industry records. 
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It says "STOP” to 
a landing aircraft 


EASTMAN KODAK COMPANY 
X-ray Sales Division Rochester 4, N.Y. 


This part for an aircraft wheel-brake, cast in 
magnesium alloy by The Wellman Bronze and 
Aluminum Co., is radiographed to show it is 
sound and ready for its job. 


With the safety of an airplane at stake, the integrity of 
this casting must be proved. Also the internal passages 
for the pneumatic and hydraulic systems must be shown 
free of all foreign material. 

So the Wellman Bronze and Aluminum Co. of Bay 
City, Mich., inspects each casting by radiography. 

Two films, Kodak Industrial X-ray Film, Type AA, 
and Type M are exposed at the same time. In this way, 
both thick and thin sections are correctly radiographed 
simultaneously. 

Makers of castings, as well as fabricators find radiog- 
raphy a big factor in product integrity, in satisfying 
customers, in attracting new business. To find out how 
radiography can help you, contact an x-ray dealer or 
write us to have a Kodak Technical X-ray Sales 
Representative call. 


Two outstanding Kodak Industrial X-ray Films 




SPACE TECHNOLOGY 


Basic Gemini ECS Keyed to 14-Day Flight 


By Harold D. Watkins 

Los Angdes— Environmental control systems (ECS) for the Gemini two- 
man spacecraft will combine state-of-the-art advances in proven Mercury 
concepts with new components made necessary by the more stringent mis- 
sion requirements of the second generation manned space vehicle. 

With few exceptions, wherever Mercury ECS concepts were adaptable to 
Gemini, the changes made were evolutionary rather than revolutionary. The 
great majority of alterations were brought about by the change in the mission, 
which required an environmental system to operate safely for the equivalent 
of four man-weeks (two men for two weeks) as compared with 28 man-hours 
'n Mercury. 


Duplication of Mercury system de- 
sign concepts is particularly evident 
in the life support segments-the suit 
and cabin loops— but extent of modi- 
fications and improvements is indicated 
by the fact that only two valves in the 
Gemini ECS are identical to hardware 
used in Mercury. 

Essential task for the Gemini sys- 
tem is basically the same as for Mer- 


cury— to maintain a safe and comfort- 
able gaseous atmosphere for the human 
crew within the space vacuum. 

The AiResearch Manufacturing Co., a 
division of The Garrett Coro., which de- 
veloped and built the Mercury ECS 
system, is also responsible for the Gem- 
ini system, working, as it did in the ear- 
lier project, under subcontract from 
McDonnell Aircraft Corp., prime con- 



ARTIST’S RENDERING SHOWS Ccmini spacecraft in orbit (adapter attached) with cut- 
aways revealing some environmental control system elements. In adapter, upper tight, is 
spherical tank containing primary oxygen supply. Behind it to the right is coolant module, 
including fluid pumps and water boiler heat exchanger which opens to space. Two larger 
circular tanks at bottom arc oxygen and hydrogen supply for fuel cells. Set under pilots’ 
seats is suit loop subsystem built around chemical canister. Larger of the cylindrical pressure 
bottles below pilot to right is one of two secondary oxygen supply bottles. Directly under 
pilot arc two smaller oxygen bottles for each emergency egress ejection scat system. On 
front bulkhead of cabin are various components of the cabin loop. 


tractor for both spacecraft. Overall 
supervision is provided by the Gemini 
project office of National Aeronautic 
and Space Administration’s Manned 
Spacecraft Center at Houston. 

Detailed requirements of the Gemini 
ECS are to provide oxygen for breath- 
ing and pressurization; to remove car- 
bon dioxide, moisture and odor from 
expended breath; to provide for water 
supply management both for crew and 
cooling, and to furnish ventilation and 
temperature control for crew, cabin, 
equipment, and fuel cells. 

Basic System 

Basic ECS system that AiResearch 
has designed for Gemini is for the ex- 
tended 14-day scientific missions be- 
ing planned. Essentially the same sys- 
tem, with exception of amount of 
expendable supplies, will be used on 
shorter missions, with the present de- 
sign based on a two-day duration. 

Total weight of Gemini ECS sys- 
tem, completely serviced with expend- 
ables, will be 318.35 lb. for two days 
and 404.29 lb. for two weeks. 

The Gemini system, now undergoing 
early manned development test cham- 
ber studies, will, like Mercury, be a 
single-gas oxygen atmosphere, main- 
tained at a nominal 5.1 psia. in orbit. 
Suit oxygen again will be purified by 
expendable chemicals. 

The overriding design goal continues 
to be the greatest degree of assurance 
that no single equipment failure will 
cause cither an immediate abort or dan- 

Due to the greater number of sys- 
tems, the amount of redundant equip- 
ment to provide this safety is greater 
than in Mercury. 

Reduced Automation 

Increased confidence in man’s cap- 
abilities in space has permitted some 
reduction in extent of automated con- 
trols, with a resulting increase in degree 
of reliability due to less complexity, 
according to Richard C. Nelson, AiRe- 
search’s program manager for Gemini 
ECS. At the same time, the system is 
designed to require the least possible 
amount of astronaut attention. 

Temperature control on Gemini is 
expected to be considerably less time- 
consuming than it was on Mercury 
where monitoring the small amount of 
water for evaporative cooling was dif- 
ficult. Water management techniques 
and the general comfort level of astro- 
nauts arc expected to be better in 
Gemini than in Mercury. 
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Major innovations in Gemini system 
are as follows: 

• Primary oxygen supply will be stored 
at supercritical pressure in a cryogenic 
spherical tank, rather than in a high 
pressure gaseous storage vessel as in 
Mercury. Supercritical state— neither a 
gas nor liquid-permits significant sav- 
ings in total tank and fluid storage 
weight and size. 

• Primary cooling system of Ccmini in 
orbit is a heat transport loop through 
which coolant fluid (MCS-198) flows in 
series through ECS heat exchangers, 
equipment cold plates and fuel cells to 
a space radiator for cooling. The Mer- 
cury ECS used water boilers for cooling 
suit and cabin gases directlv. The large 
quantity of water required (or two-week 
mission ruled out a water boiler. A total 
of seven heat exchangers are used for 
cooling and heating in the Gemini 
ECS, compared with two in Mercury". 
Two other heat exchangers are employed 
in the Gemini gas reactant supply sys- 
tem for fuel cells. 

• An integrated heat exchanger-water 
separator is employed instead of the sep- 
arate heat exchanger and mechanically 
activated sponge-type water separator in 
Mercury. The Gemini water separator 


removes water from exhaled breath 
through a wicking material positioned 
between the plates of the heat ex- 
changer. Static wick operating with 
capillary action and no moving parts in- 
creases reliability and reduces power use 
and weight. While the earlier method 
was judged adequate, the wick is ex- 
pected to provide a more consistently 
comfortable humidity' level. 

• Water management system has been 
simplified and tankage reduced by use 
of fuel cells as power source, instead of 
batteries as in Mercury. Gaseous oxygen 
and hydrogen arc combined in the fuel 
cells to produce electrical power. Water 
is a by-product of the reaction. 

• An additional life support system had 
to be developed by AiResearch for the 
subsonic aircraft-type ejection seats used 
for mission aborts in Gemini. This pro- 
vides pressurization and oxygen for 
breathing at altitudes up to 70,000 ft. 
on either launch or return. Mercury de- 
pended upon an escape rocket tower to 
separate the entire spacecraft from the 
launch vehicle in an abort on launch. 

• Gemini vehicle-wide program of stres- 
sing module construction and place- 
ment of components for ease of main- 
tenance is carried out in ECS. AiRe- 


search delivered 49 different compon- 
ents to McDonnell assembly in Mer- 
cury ECS. Gemini system has 1 14 com- 
ponents, but 84 of those arc being com- 
bined into 11 modules. The other 50 
will be delivered separately. AiResearch 
estimates that entire Ccmini suit loop 
system module can be replaced in 40 

dioxide absorption cannister alone in the 
Mercury’s "pilc-on" installation. Gemi- 
ni suit module is constructed around 
the chemical bed cannister to which 
brackets are mounted for attaching other 
components. 

• Major segments of ECS will be di- 
vided between the adapter and re-entry 
modules of the spacecraft. In the adap- 
ter, which will be jettisoned prior to 
re-entry, will be primary oxygen supply 
and major heat transport loop compon- 
ents. Upon jettison of the adapter, the 
ECS will shift to a different mode of 
operation. Primary suit and cabin loop 
system modules will be in the pres- 
surized cabin. 

As in Mercury, the Gemini suit cir- 
cuit provides cooling, pressurization, 
purification, and water removal for gas 
in the suit loop. The cabin loop also pro- 
vides cooling and pressurization, but 
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Tubes designed from the user's viewpoint 


...use them wherever reliability is essential 


AVAILABLE FROM YOUR SYLVANIA INDUSTRIAL TUBE DISTRIBUTOR 

SYLVANIA 

GENERAL TELEPHONE s ELECTRONICS 'W 


does not have separate gas purification 
and water removal components. 

Other functional groupings arc the 
frcsli oxygen supply (primary and sec- 
ondary). the water management loop, 
the coolant loop and the emergency 
egress system. The reactant supply sys- 
tem (RSS) for fuel cells— the oxygen 
and hydrogen supercritical cryogenic 
tankage and demand-type rcgulators-is 
also being supplied by AiRescarch under 
separate contract. 

Primacy of any particular system is 
considered essentially a matter of seman- 
tics by NASA and AiRescarch officials. 
In general, the suit system is primary 
for ventilation and purification, and the 
cabin system is primary pressure vessel 
with the suit loop a back-up. 

Basic requirements of the crew suit 
loop in orbit arc to provide a nominal 
suit temperature of 70F, assuming a 
total metabolic load of 500 Btu./hr./ 
man. Nominal design points for gas 
temperature is 55F at the suit inlet and 
S5F at the suit outlet. Relative humidi- 
ty is designed at 50% at suit inlet. 
Ventilation rate provided by cither one 
of two identical direct-drive centrifugal 
axial-flow compression is 25 cu. ft. per 
minute with a pressure rise across the 
compressor equal to 10 in. of water. 
Contaminated Oxygen 

Upon exit from astronaut suit the 
contaminated oxygen is circulated 
through a debris trap and then through 
a chemical canister where odors are first 
removed by a layer of activated charcoal 
and carbon dioxide is removed by 
lithium hydroxide. Exterior size of the 
canister will be same for both the short 
and long mission, but inner construc- 
tion will differ, with springs being used 
to take up slack. 

A charge of 4-lb. of charcoal and 15 
lb. of lithium hydroxide will be carried 
for two days, and 1.65 lb. and 81 lb. 
respectively, are specified on a two-week 
mission. The aluminum canister is 27.79 
in. in length and 21.70 in. in dia. 

Purified oxygen is then cooled and de- 
humidified in the integral heat ex- 
changer and wick-type water separator. 
Water from cooled gases condenses on 
the heat exchanger fins and is absorbed 
and transfered to the water storage tank 
by the porous wick material which per- 
mits water passage but inhibits the 
flow of gas. From this heat exchanger 
the reconditioned oxygen is returned to 

C.as pressure in the suit loop during 
the optimum orbit condition is de- 
signed to remain about .1 psi. under the 
nominal cabin pressure of 5.1 psia.. in 
order to prevent the suit from balloon- 
ing. As suit loop pressure is reduced 
by purification and dchumidification. 
makeup oxygen is supplied on demand 
from two suit pressure demand regula- 
tors, operating in parallel. 



SUIT LOOP SUBSYSTEM module for Gemini environmental control system is built around 
chemical canister containing activated charcoal and lithium hydroxide for air purification. 
Readily identifiable, in addition to canister, are four suit duct tubes at top. Two center 

extreme left duct is one of debris traps in outlet tube. Box-like component in center of 
canister facing to right of camera is heat exhangcr and water separator. At upper left, on 

made by AiRescarch. 


Pressure in the suit loop will follow 
a drop in cabin pressure until the suit 
reaches 5.9 psia., where the suit relief 
valves will close. This would seal off 
the suit loop to maintain pressure, in 
either a planned or emergency cabin 

The suit loop relief valve also prevents 
excessive suit pressure, limiting the suit 
pressure to from 2 to 9 in. of water 
above cabin pressure. In orbital opera- 
tion, the suit loop pressure will rise 
above that of the cabin as oxygen is 
added to cabin through suit loop to 
compensate for cabin leakage. 

If some malfunction should permit 
pressure in the suit loop to drop to 
5.5 psia., a high-rate oxygen flow would 
begin automatically from either primary 
or a secondary supply. In this mode, 
the oxygen flow would be open-cycle— 


not recirculated through the loop— and 
would be furnished at a high-flow rate of 
.1 lb./min./man, to provide both ven- 
tilation and cooling. Normal rate of 
consumption is approximately 1/12 lb. 
of oxygen for each man per hour. 

Inlet and outlet ducts from Gemini 
astronauts' suits are located in lower 
chest area. Mercury inlet was on the 
waist and the outlet was inside of the 

Due to ejection seat disconnect rc- 

S uircmcnts. the ducts leading to and 
:om the suits are first connected to 
egress seat pack, which in turn is con- 
nected to basic suit loop. 

Cabin ECS loop on Gemini space- 
craft is similar to Mercury concepts with 
changes in components to compensate 
for the increase of volume to 80 cu. ft. 
from 50 cu. ft. in the Mercury cap- 
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and then maintain it out here 


Problem: duplicate this environment 


Before America’s first manned space station goes into 
orbit, a whole new generation of problems will have to 
be met and solved. 

To keep the crew in good health, for instance, we’ll 
have to maintain their Earthlike environment for months 
or years. We'll have to devise a supply system to get 
food, air, and all the other necessities up to them regu- 
larly. We'll have to keep all their equipment in operating 
condition. We'll have to be able to work on the outside 
as well as the inside of the station. We'll have to develop 
vehicles and techniques for shuttling personnel to and 
from the station, as well as for in-space rescue. 


Lockheed-California foresaw the scope of these prob- 
lems five years ago, and brought together a team of 
scientists and engineers to specialize in man-in-space. 
The Spacecraft Organization has developed a high de- 
gree of capability in all aspects of space station design. 
They have conducted extensive studies of techniques 
and vehicle designs for supply, maintenance, rescue 
and logistics in space. Today they stand ready to under- 
take the many vital tasks upcoming in this challenging 
new age of man-in-space. 

LOCKHEED-CALIFORNIA COMPANY 


Four basic explosive actuators . . . and how 

to use them effectively. Explosive devices are being used more and more 

widely in a variety of aerospace and ordnance applications ... or wherever you need miniaturization, un- 
matched reliability and just one-time performance. The key to effective application lies in simplicity . . . 
you can design with a minimum of mechanical parts or electronic circuits. The four actuators illustrated are 
representative of many variations of explosive devices developed from Atlas eleclro-chemi-mechanical research. 
We would like to work directly with you to develop the specific device 
that will match your requirements. Please call on us, or send for literature. 

Dept. A-8, Aerospace Components Division, Wilmington 99, Delaware. 




PROTOTYPE OF GEMINI ECS combination 
beat exchanger and water separator for suit- 
loop. with wicking material positioned be- 
tween exchanger plates, is shown. Water 
from cooled exhaled gas condenses on the 
fins and is absorbed by porous wicking 
material which permits water passage but 
prevents air passage. Absorbed water is 
transferred to storage tank. Production con- 
figuration differs from this model, although 
wick arrangement is similar. 

sulc and increased heat loads. Primary 
cabin loop components arc a plate-fin 
heat exchanger through which gas is 
pushed by an axial-flow vane fan. The 
loop alsS "contains a relief valve for both 
positive and negative pressure relief, 
a pressure regulator to maintain cabin 
pressure, and manual valves to either 
dump cabin pressure or repressurize. 
In the latter operation, oxygen is fed 
directly into the cabin. 

Operating design points call for an 
orbital cabin temperature of 80F, and 
cabin ventilation rate of 88 cu. ft./ 
min., at 5.1 psia. The Mercury ventila- 
tion rate was 22 cu. ft./min. Cabin heat 
load front instruments, systems and 
other sources, almost all of which must 
be handled by the fan and heat ex- 
changer, is calculated at 680 Btu./hr. 

Design cabin leakage rate of 1,250 
cc./ntin. at 5.1 psia. compares with 600 
cc./min. rate in later Mercury space- 
craft. Makeup oxygen to maintain ca- 
bin pressure at nominal 5.1 psia. level 
is called for by the cabin pressure 
regulator. The gas first passes through 
the suit loop, in order to obtain maxi- 
mum utilization of oxygen. It is then 
dumped into the cabin through the 
suit pressure relief valves, as these pre- 
vent suit pressure from rising more than 
slightly above cabin pressure. 

Supercritical primary oxygen supply 
for the two-day mission will be 1 5.5 lb. 
of usable oxygen in a 12.24 in.-dia. 
sphere. For the 14-day mission, a 20.07 
in.-dia. circular tank will hold 104 lb. 
The primary tanks have an inner shell 
of Inconel-718 and outer shell of 


The primary supply will feed into a 
system common with the secondary 
supply. The latter will be carried in 
two cylindrical tanks located in the 
pressurized section of the re-entry 
module. Each secondary tank is a re- 
dundant subsystem of modular con- 
struction with individual control com- 
ponents mounted either to the tank or 
to brackets affixed to it. 

Secondary tanks will each hold 6.5 
lb. of usable oxygen at 5,000 psi. on 
both short and long missions, as the 
secondary supply functions arc the same 
in both. In case of malfunction of 
primary system, each tank is capable of 
providing both crewmen with sufficient 
oxygen at demand rate for one 90 min. 
orbit, plus 30 min. re-entry period. 
During re-entry, oxygen is supplied at 
the high-flow rate (.i lb./min./man) for 
breathing, cooling and for purging suit 
of carbon dioxide. 

Oxygen flow is controlled by a 
higher pressure setting (110 psi.) on the 
primary' oxygen regulator than on the 
secondary oxygen regulator (85 psi.). 
When both arc connected to the suit 
system and functioning properly, oxy- 
gen flows exclusively from the primary 
source. A pressure drop in primary sys- 
tem below 85 psi. automatically releases 
oxygen from tnc secondary tanks. 
Oxygen Tank Filled 

In preparation for space flight, the 
supercritical-pressure oxygen tank is 
filled with liquid oxygen at atmospheric 
pressure and capped. To build pressure 
to the critical point of 736 psia., heat 
is supplied to the tank from thermal 
leakage through the tank insulation or 
by a built-in electric heater in order 
to vaporize all the liquid. 

Above the critical pressure, the fluid 
is a homogenous mixture, described 
for simplicity as a dense cryogenic gas. 
During flight, pressure will be kept at 
850 psia. bv action of the heater upon 

With pressure maintained above 
critical pressure, only the gaseous state 
of fluid has to be handled by the sys- 
tem components. The cold gas leaving 
the primary tank is warmed to approxi- 
mately 50F in a heat exchanger, where 
excessive pressure is prevented by a re- 
lief valve, limiting maximum pressure 
to 1,000 psi. 

Downstream from the heat exchanger, 
a pressure regulator reduces the oxygen 
pressure to 110 psi. for delivery into 
the suit loop. The demand regulators 
for each suit further reduce this to the 
nominal 5.1 psia. 

Heat transport fluid which serves the 
nine heat exchangers on Gemini, as well 
as the equipment cold plates and fuel 
cells, will be a Monsanto silicon ester- 
fluid (MCS-198). Primary removal of 
heat from the coolant loop in orbit will 
be provided by a space radiator which 


Capability! 

"RELUCT AFLEX" MOTOR 
400-Cycle, 195-Volts, 

3-Phase, 20-Pole 
2400 rpm 

Application: Computer 



This memory 
drum motor was 
considered 

impossible to make... 

until we designed 
v and built it! y 

This CP designed "Reluctaflex” Motor 
is a typical example of the unusual 
capabilities of our Actuator and Special 
Motor Division. It is a 400 c.p.s. syn- 
chronous motor that meets the very 
difficult drive requirements of large 
memory drums: high starting torque, 
relatively high frictional pull-in torque, 
and high inertia. It is required to with- 
stand temperature, humidity, altitude, 
shock and vibration as specified by 
MILT -5422C. This motor is being used 
on two major data systems at present. 

For more details on this and dozens 
of other typical solutions to difficult 
motor or actuator problems, write on 
company letterhead for 
your copy of Bulletin 
910 that covers: 

• High Frequency AC 
Motors 

• Low Voltage DC 
Motors 

• AC and DC Actuators 

Chicago 

Rieumatic 

ACTUATOR AND SPECIAL MOTOR DIVISION 
8 East 44th Street, New York 17, N. Y. 
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Our solid state DMA-29 

is the last word in DME systems. 

One other thing. 


it costs 27% less 
than the next best system. 


In fact, it is the lowest priced system in its class. And by far 
the best. 

Why? 

Well, for one thing, the interrogator features new, dras- 
tically simplified circuit designs. For another thing, it is 
completely transistorized except for the transmitter section 
and the phantastron tube used in the distance circuits. 
The result is increased reliability, to say nothing of the 
greatly reduced price we told you about. 

With the DMA-29, accuracy is a foregone conclusion, 
thanks to a self-calibrating circuit that continuously and 
automatically checks the distance measuring circuits. 

The system is available in two packages: the DMA-29AL, 


an ARINC 521 type DME system in a long 14 ATR case; 
and the DMA-29A for aircraft where ARINC standardiza- 
tion is not required, packaged in a short '/i ATR case. 
Both feature solid state switching. The DMA-29AL is also 
available for bridge type frequency control. Both cover all 
VOR/DME channels with provision for future channel 
splitting. Both precisely indicate distance from 0 to 192 

Want more information? Write us at Bendix Radio 
Division, Avionics Products, Baltimore 4, Maryland. Export 
Sales and Service: Bendix International, 205 E. 42nd Street, 
New York 17, N.Y. Canada: Computing Devices of Canada, 
Ltd., P. 0. Box 508, Ottawa 4, Ontario. 



Bendix Radio Division 



TECHNICIANS AT AIRESEARCH test one of secondaiy oxygen supply tanks (left) for Gemini ECS at a high-pressure oxygen test stand. 
In Gemini spacecraft a tank such as this will hold 6.5 lb. of usable oxygen at 5,000 psi. Two such tanks will comprise the secondary 
oxygen supply which will be used to back-up primary supercritical pressure supply. Secondaiy supply will also be used on re-entry after 
primary supply is jettisoned. Technicians use transit (right) to check dimensions of supercritical storage tank for primary oxygen supply 
in Gemini ECS. Smaller of two tanks, shown here, will hold 15.3 lb. of usable oxygen. 


is being built by McDonnell as a struc- 
tural part of the adapter module. Tub- 
ing or the radiator will be of T-shaped 
extruded magnesium alloy, which will 
sen e both as fluid conductor and struc- 
tural stringer. Meat will soak through 
the bulb and T legs to a 190-sq.-ft. 
niagncsium-allov skin surface of the 
adapter and will be dumped from there 
bv radiation. There will be two com- 
pletely redundant back-up cooling loops. 
In the space radiator, two coolant loops 
will run through alternating stringers. 

Location of heat-generating systems 
in the adapter and in bays surrounding 
the pressurized cabin complicated the 
problems of heat dissipation. In Mer- 
cury. with most systems inside the 
cabin, convection cooling by circulating 
oxygen cooled the equipment. 

Coolant Circulated 

In Gemini, equipment outside cabin 
will be mounted on hollow aluminum 
cold plates through which the coolant 
will be circulated. 

Under normal operation, the flow of 
coolant will exit from the space radiator 
at approximately 40F, powered by one 
pump on one coolant loop. Primary' path 
of the coolant in the normal orbital 
mode would be from radiator through 
the launch water boiler heat exchanger, 
for additional cooling if necessary, in 
parallel flow to the cabin and suit loop 
beat exchangers, then to cold plates, 
fuel cells, pumps, primary oxygen heat 
exchangers, RSS heat exchangers, the 
regenerative heat exchangers, and then 
back into the space radiator. 


Two positive-displacement gear 
pumps are provided for fluid circula- 
tion on each loop. Selection of loops 
and numbers of pumps is controlled 
manually. 

Maximum cooling load in the heat 
transport loop is handled, preferably, 
by one pump operating in each loop 
simultaneously. However, two pumps 
can also operate on a single loop for 
rapid cooling. 

If coolant fluid should emerge from 
the space radiator below the minimum 
desired temperature of 40F, the fluid 
will automatically be circulated through 
the two regenerative heat exchangers for 
the necessary warming. 

Since the space radiator is ineffective 
both on the ground and during boost, 
two other heat exchange systems, also 
in the adapter, arc employed to cool the 
heat transport fluid prior to reaching 
orbital altitude. 

Before launch, a ground heat ex- 
changer in the spacecraft cools the ECS 
coolant with same MCS-198 fluid which 
is circulated through ground loop side 
of the heat exchanger from a launch pad 

During launch, a water boiler launch 
cooling heat exchanger will go into oper- 
ation as the decrease in ambient baro- 
metric pressure gradually opens a valve. 
Effective boiling is expected to start at 
100,000 ft. altitude with thermal lag 
expected to prevent significant heating 
between lift-off and that point. Seven 
pounds of water stored in the boiler’s 
tank is expected to be consumed during 
the launch phase. This water boiler will 


be used during peak heat loads in orbit 
to back-up heat transport loop, and it 
also serves as emergency back-up in case 
of failure of both coolant loops. 

Differing in many respects from Mer- 
cury’s water boiler, it will go into opera- 
tion during orbit when a temperature 
sensing device opens a valve and relieves 
pressure, thus causing the water in the 
exchanger to boil. A wicking material is 
used to flow water across the plates 
in the exchanger. 

Makeup Water 

Makeup water for the water boiler 
and for the 16-lb. capacity tank for 
crew drinking and washing will be pro- 
duced by fuel cell reaction at a rate of 
0.5 lb./hr. and by condensation of ex- 
haled gas at the rate of .3 lb./man/hr. 
Water from fuel cells is discharged into 
the 16-lb. crew storage tank. Water 
from suit loop water separator, however, 
can be manually directed either to the 
water boiler or to the crew tank. 

If the crew storage tank should be 
full, fuel cell water production is manu- 
ally directed to water boiler. If that tank 
is full, water is dumped as a liquid un- 
less extra cooling is needed, in which 
case it would go overboard as steam. If 
the boiler relief valve should freeze in 
the process of dumping liquid, thereby 
creating excessive pressure in boiler, an 
electric heater on the valve is manually 
switched on. Urine is also direct to the 
boiler tank. 

The flow of water either to or from 
the crew storage tank is directed by a 
three-way valve, used with two pres- 
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S-66 Satellite Instrumentation Shown 

Cutaway view of ionospheric beacon satellite, designated S-66 by the National Aeronautics and Space Administration, shows extensive 
instrumentation to be used in electron density studies. Launch from Wallops Island, Va„ is scheduled for September (AW Aug. 5, p. 39). 


sure lines, from the upstream and down- 
stream ducts of the suit loop compres- 
sors. The differential pressure rise across 
the compressors (10 in. of water) is used 
to control a diaphragm to fill or drain 
the tank. 

The diaphragm valve is linked me- 
chanciallv to the water selector valve. 
Should the astronaut wish to drink, he 
turns the valve to pressurize one side 
of the tank bladder. 

The separate egress life support sys- 
tem for abort has an emergency oxygen 
subsystem mounted to the underside 
of each ejection seat and connected to 
respective astronaut's suit. On ejection, 
the astronaut automatically activates an 
oxygen system composed of two cy- 
lindrical tanks, each storing 0.3 lb. of 


oxygen at 3,400 psi. At the same time, 
quick disconnects release the egress scat 
pack from the suit loop. The. relief 
valve on suit controls pressure to 3.5 
psia., when ambient pressure is less 
than 3.5 psia. (above 35,000 ft.), and 
below this altitude suit pressure is main- 
tained just slightly above ambient pres- 
sure, down to sea level. 

The basic Gemini ECS system goes 
through several modes of operation as 
the spacecraft moves from the pre- 
launch phase through to recovery. The 
system is optimized for orbital opera- 
tion due to the relatively short time 
spent in launch and re-entry. 

During pre-launch, both cabin and 
suit loops are purged with oxygen from 
a ground source to reach a 100% oxygen 


condition. This oxygen-feed umbilical 
connection is capped before launch and 
from that point until re-entry is begun 
astronauts will live off the spacecraft's 
primary oxygen supply. 

Umbilical connection providing 
coolant for the heat exchanger snaps 
clear at lift-off. Prior to lift-off, both 
the suit and cabin loops will be cooled 
to approximately 65F or 70F to insure 
comfort during boost, prior to the time 
when the water boiler becomes effec- 
tive. 

During the boost phase, the cabin 
pressure relief valve limits excess of 
cabin pressure over ambient pressure to 
5.5 psi. The suit loop pressure follows 
the drop in cabin pressure, maintaining 
a pressure slightly under that of the 
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DIRECTED RESEARCH AT HUCK MATCHES FASTENER TO PROBLEM 



WORLD'S STRONGEST 


BLIND FASTENER 


HUCK 

BLIND BOLT 


Huck’s unique, new blind bolt meets or exceeds 
NAS 1058-A design allowables and incorporates a 
positive permanent mechanical lock. Intensive research 
produced this blind bolt, which does away with the 
uncertainty of threaded fasteners, gives new meaning 
to the concept of installed reliability. 

The BP/B 100 is still another in a long series of original 
Huck fastening developments that have matched 
progress in today's aircraft and missile design. 

Let’s get together to solve your loosener* problems. 
For dependable, trouble-free fastening in original 
or repair applications in aerospace installations, call, 
write or wire your Huck representative, or: 


HUCK<!^ 


MANUFACTURING COMPANY 

2500 Bellevue Avenue • Detroit 7, Michigan 
Telephone: Area Code 313 923-4500 


Huck Fastening System- combines a strong vibration-resistant fastening with selected Huck 
installation equipment • Provides a unique and superior solution to hundreds of design and pro- 
duction problems • Wide variety of types, head styles, diameters and grip ranges offers full freedom 
in designing and specifying. 






Goodyear Aerospace has proved experience in plastics =' 


lilllsiiis™ 


Aerospace plastic experience at GAC— Goodyear Aerospace 
Corporation— covers everything from visors for jet pilots’ 
helmets to radomes for space vehicles— from high-tempera- 
ture-resistantcockpitcanopies to 140-foot-diameter ground- 
based radomes-from glass filament-wound motor cases for 
Polaris A-3 to radomes for Gemini reentry vehicles. 

Creating products like these calls for a knowledge of 
plastics in virtually every physical form and chemical com- 


position . . . complete environmental and physical test lab- 
oratories... plus full development and production facilities. 

Most important, it calls for a large staff of expert plas- 
tics engineers and scientists who, in turn, can call on GAC’s 
capabilities in systems management, astronautics, avionics, 
advanced electronics, expandable structures, ground sup- 
port, antenna systems and other aerospace areas. These 
aerospace capabilities are ready to help on your project. 


too. Write Goodyear Aerospace Corporation, Box 910AH, 
Akron 15, Ohio. 

Some aerospace systems with Goodyear Aerospace Corporation 
plastics: McDonnell: F4-C • Ling Temco Vought: F8D and 
Norair F5A canopies • Grumman: AGA honeycomb ra- 
domes • Boeing: 707 and 727 windows • RCA: BMEWS 
140-foot plastic radomes. Plants in Akron, Ohio, and Litch- 
field Park, Arizona. 


GOODYEAR 

AEROSPACE 
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AVIONICS BY AC MEANS-LOW SYSTEM COST, 
ON-SCHEDULE DELIVERY, ACCURACY AND RELIABILITY 


AC Spark Plug Avionics Systems are the advanced descendants of a long and 
illustrious line of bombing-navigational systems which traditionally have been 
produced to guide the air fleet of the Strategic Air Command. By combining the 
most recent developments of inertial guidance, digital computation and integrated 
circuits, AC Avionics Systems provide accurate, lightweight, reliable systems for 
manned aircraft. The pilot is thus provided all of the capabilities vital to all-weather 
operation: precision self-contained navigation, mission scheduling, terrain avoid- 
ance, blind ordnance delivery, and integrated controls and displays. 



MASTER NAVIGATORS THROUGH TIME AND SPACE 

AC SPARK PLUG • THE ELECTRONICS DIVISION OF GENERAL MOTORS 


cabin through action of the relief por- 
tion of demand regulators. 

In orbit, the cabin pressure bleeds 
down to 5.1 psia., due to leakage, where 
it is maintained by the cabin pressure 
regulator. 

The astronaut suit loop temperature 
is controlled by a combination of auto- 
matic and manual systems. Tempera- 
ture of the coolant fluid passing through 
the suit loop heat exchanger is con- 
trolled automatically. Rate of fluid flow 
is controlled manually. Each astronaut 
will also be able to regulate the tem- 
perature of his suit individually by 
means of a throttle controlling the in- 
flow of cool oxygen. Temperature and 
flow of coolant through the cabin heat 
exchanger has manual and automatic 
arrangement similar to the suit heat ex- 
changer. 

During the orbital mode of operation, 
the ECS system is compatible with 
extra-vehicular activity (EVA). The re- 
compression capability, which is neces- 
sary for an astronaut to move outside 
the spacecraft in space, has been pro- 
vided in order to douse any fire that 
might begin in a 100% oxygen atmos- 
phere and to purge the cabin or suit 
loops of a high carbon dioxide level or 
toxic matter. Depressurization is ac- 
complished by manually opening the 
cabin outflow valve. ECS primary oxy- 
gen supply is designed by AiResearch 
to permit three decompressions during 
the basic flight mission. 

NASA Gemini project officials at the 
Manned Spacecraft Center say that 
EVA is "definitely in the plans” (AW 


Aug. 12, p. 23). However, they have 
not yet established on what mission 
EVA will first be attempted. Another, 
portable, life support system will be de- 
veloped for EVA, as Gemini project 
officials have about ruled out use of an 
umbilical cord attached to the space- 
craft ECS even for back-up. 

Duncan R. Collins, NASA space- 
craft manager on the Gemini project, 
said that chances of snagging and of a 
pressure drop in the suit loop that would 
be caused by a long umbilical led to this 
decision. Redundancy would be in the 
personal system carried outside, he said. 
At present, NASA thinking is that only 
a tether line, and possibly a communi- 
cation line, would be attached to an 
astronaut venturing outside the Gemini 

The only part of Gemini life support 
loop that would be utilized in EVA, 
therefore, is the suit, which is being 
furnished by David Clark Co. Its EVA 
capabilities are now being evaluated, 
and changes probably will have to be 
made in the suit to ready it for move- 
ment outside the cabin. 

The measure of confidence gained in 
environmental control system from the 
Mercury project is reflected in plans for 
more extensive face-plate-up operations 
in Gemini. 

In early flights, it is anticipated that 
one astronaut will stay completely but- 
toned up, while the other may remove 
helmet and gloves. After further con- 
fidence in the system is gained, both 
crewmen may be permitted to take off 
their helmets and gloves at the same 
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"Exaggeration is to paint a snake and add legs" 

—Chinese proverb 



A fair amount of snake paint has been used in talking about 
the operating life of microwave tubes. MEC might be tempted 
to use it too, except for one fact: MEC doesn't know precisely 
what the life of its BWO's and TWT's is. We can, and do, life 
test our tubes in-plant. But all that can be said then is that a 
number of samples of tube type X ran more than X hours and 
of these good old No. 215496 still won't quit, bless her soul. 
That may strike you as dubious proof of life, reliability or any- 
thing else. 


The best proof, MEC feels, is how your tubes perform in the 
field. MEC has delivered more than 4,000 metal-ceramic tubes, 
mostly for military applications. There have been a few com- 
plaints, a few tubes replaced, but the customers generally come 
back for more. They refer others to us when life and reliability 
are prime considerations. And we are frequently asked to pro- 
vide a replacement tube for an existing socket where serious 
troubles with life and reliability are being encountered. 

Isn't that better than snake paint ? 



time. The extent of open-visor opera- 
tion will depend to a large degree upon 
astronauts’ decisions. 

During open-visor operation, the 
cabin recirculation valve would be 
opened to permit cabin air to be drawn 
through suit loop for purification and 
water removal. 

Re-entry mode of the ECS involves 
a number of fundamental changes from 
orbital operation due to jettison of the 
adapter section containing the primary 
oxygen and heat transport loop com- 
ponents. 

In preparation for separation, the 
coolant system is turned up to maxi- 
mum for a cold-soak to reduce equip- 
ment and system temperatures as much 
as possible. 

Lines Sealed 

After jettison of the adapter, all gas 
and fluid lines are sealed by quick dis- 
connects and the secondary supply of 
oxygen is automatically begun. The 
crew will then manually switch to an 
open-cycle, high-rate flow of oxygen for 

In this mode, the compressors are 
turned off and the suit loop system shut- 
off valve is closed. The system is de- 
signed so that the entire supply of sec- 
ondary oxygen will be consumed on 
re-entry. 

AiResearch expects that the tem- 
perature during re-entry will reach no 
higher than 75-80F in the suit and 
100F in the cabin. 

Ambient air is drawn into the suit 
loop beginning at about 20,000 ft., 
when the inflow valve, leading to a 
snorkel tube outside cabin, and outflow 
valve are opened manually. 

This automatically turns on the com- 
pressors to ventilate’ the suit loop. Bat- 
tery power will run compressors after 

Pressure Increase 

Pressure in the cabin and suit is 
gradually increased during re-entry bv 
action of the cabin relief valve which 
limits negative cabin-to-ambient pres- 
sure differential to 15-20 in. of water. 
At approximately 27,000 ft., when out- 
side pressure is equal to the nominal 
5.1 psia. inside capsule, the valve per- 
mits outside air to enter the pressure 

Manual controls for ECS system will 
be centrally located between crewmen 
so that either one can make the neces- 
sary adjustments. 

instruments, located on the center 
panel, will display temperature and pres- 
sure of the cabin and suit loop, carbon 
dioxide partial pressure, coolant pump 
flow rate, primary oxygen circuit pres- 
sure, quantity of primary oxygen supply, 
and secondary oxygen pressure. 

Warning lights will indicate when 
water storage tank is full and excessive 


pressure in the water boiler. With the 
exception of the water tank status, all 
this information also will be telemetered 
to the ground. 

With major new elements in the 
ECS system and flight testing sched- 
uled to be limited to one ballistic flight 
with a manned simulator, extensive 
ground tests are scheduled to prove out 
the design prior to the first manned 
flight. 

Mercury Lessons 

Development and reliability testing 
are both expected to reflect lessons 
learned during the Mercury program. 
Joseph L. Gillcrman, AiRescarch’s 
Gemini test manager, said that testing 
of Gemini components will include 
simultaneous environmental tests of vi- 
bration, temperature and altitude, and 
that reliability will be verified by inten- 
sive over-stress testing. 

Neither of these techniques were 
used in the Mercury' environmental 
control system test program. 

Manned system-testing of the suit 
and cabin gas loops began in mid-July 
at Aillescarch's Los Angeles facility, and 
simultaneous tests arc also being con- 
ducted by McDonnell in St. Louis, 
which has received suit and cabin loop 
components of the first two systems. 
AiResearch now is installing a heat 
transport loop in its test system for the 
next stage of tests. 

General over-all assessment of ECS 
system progress made by Collins, 
NASA’s Gemini spacecraft manager, re- 
flects over-all Gemini program slippage. 

Plans now call for test of the com- 
plete system, including the space radia- 
tor being fabricated bv McDonnell, by 
1964. 

Re-entry Study Facility 
Underway at Utah Site 

A S3 million construction program to 
support the overland portion of USAF's 
Abrcs/Athena missile re-entry phenom- 
ena study program is underway at Green 
River, Utah, with completion’scheduled 
for next month. 

About 500 military and civilian per- 
sonnel from White Sands Missile 
Range, USAF and Atlantic Research 
Corp., contractor for the re-entry' pro- 
gram, will be based at the new facility 
during the two-year operation. The 
launch complex will include four firing 
pads, the blockhouse and a 500-ft. 
meteorological tower. The site will also 
include two FPS-16 tracking radars and 
a storage area for housing rocket propel- 
lants. Prime contractor for the facility 
is Olson Construction Co., Salt Lake 
City, Utah. 

Guldeman Construction Engineering 
Co., El Paso, Tex., was prime contrac- 
tor for the tower. 
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For lO years. Computer Control Company 
has designed, developed and delivered 
a broad range of specialized digital systems 



DDP-24 is a fast, versatile digital computer 
for complex real-time, on-line configura- 
tions, and for off-line engineering and 
scientific computations. DDP-24 hard- 

ices, and options extend its capabilities 
and system adaptability. Simplicity. 

venience are key design factors. Ready 
and interrupt modes give the DDP-24 
master and/or slave relationship capa- 
bility with surrounding equipment. 




DELAY LINE TIME COMPRESSION (OELTIC) equip- 
ments are in tactical use aboard subma- 
rines, permitting extension of signal de- 
tection capabilities. DELTIC circuits digit- 
ize input signals and hold them in active 
storage, greatly compressing them in 
time for real time signal correlation. 3C 
DELTIC equipment provides significant 
reduction in the complexity and size of 
signal processing equipment for applica- 
tion to sonar, radar, telemetry and audio 
spectrum analysis. 


3C DIGITAL SYSTEMS ACTIVITIES 


□ Missile tracking and radio astronomy positioning 
Industrial process and machine too! control Q 

□ Data monitoring 

High-speed stored program scientific computers □ 

□ Real-time business data processing 

Time compression for signal processing □ 

□ Digital logic and computer training devices 

Computer language translation □ 

□ Information storage and retrieval 

Pulse pattern and range time code generation □ 

□ Digital positioning systems 

Complex test and simulation □ 

□ Space vehicle instrumentation and simulation 

For more information on, 3C digital systems ac- 
tivities and accomplishments, please write on your 
company letterhead for 36-page brochure. 




DIGITAL COMPUTER TRAINING DEVICES are designed to meet both 
military and civilian educational needs. Employed in large- 
class instruction, 3C training devices build a firm under- 
standing of digital computers and special purpose digital 
systems from programming to operation and maintenance. 
Computer Control Company has conducted extensive surveys 
of computer training programs at military training centers 
and civilian institutions in order to: 1) produce economical 
standard training devices meeting military and civilian re- 
quirements; 2) offer perceptive capabilities in the design of 
special purpose training systems. 3C digital training devices 
are in use at schools both here and abroad. 



COMPUTER CONTROL COMPANY, INC. 




Apollo-Type, Six-Man Spacecraft Designed 


By Irving Stone 

Los Angeles— Preliminary design of a 
six-man, modified Apollo-type logistics 
spacecraft (Modap) is scheduled to be 
completed in December by North 
American Aviation’s Space and Informa- 
tion Systems Div. for NASA’s Manned 
Spacecraft Center (AW Aug. 5. p. 23). 
The configuration is projected to pro- 
vide support service for a 24-man-crew 
space station in earth orbit. 

The design phase will be initiated 
after MSC reviews and selects preferred 
spacecraft systems following compre- 
hensive evaluations of potential alter- 
nate methods for accomplishing the 
logistic mission requirements. 

The spacecraft will be an integrated 
vehicle consisting of a crew module and 
a cargo module. The crew module will 
be a modified version of the current 
Apollo command module, to provide a 
habitable environment for six astro- 
nauts for a maximum of 24 hr. prior to 
rendezvous. The module will be capa- 
ble of being maintained in orbital stor- 
age up to six months either external or 
internal to the space station, and will be 
reusable after a normal earth-landing. 


The cargo module will be a modified 
version of the present Apollo service 
module, now being developed in sev- 
eral possible configurations. It will in- 
corporate rendezvous and de-boost pro- 
pulsion, accommodations for solid and 
liquid cargo, and crew module support 
functions. 

Crew module primary structure meas- 
ures 133.5 in. from rounded tip of 
the conical section to the heat shield 
end. Width of the primary structure 
at the heat shield is 1 51.5 in. Crewmen 
arc positioned with backs to the heat 
shield in two rows of three each, in an 
84-in. width between left- and right- 
hand equipment walls. 

Entrance Hatch 

Top of the crew module conical shell 
above forward astronaut positions has 
an entrance hatch containing a center 
window. On either side of this hatch 
is a window affording forward vision of 
47 deg. This window also will be used 
for docking. Further around on the 
shell, positioned at about shoulder level 
on each side of the forward astronaut 
positions, are earth-landing vision win- 
don’s. Bottom of the conical shell, di- 


rectly opposite the top center window, 
has a panel which covers a sextant and 
telescope to be used for stellar and 
planetary tracking. 

Nose of the conical crew module 
serves as a docking hatch shroud. This 
swings open to uncover a 20-in.-dia. 
cylindrical docking hatch decked by a 
cover incorporating a center viewport. 
On each side of the port are single 
beacon lights. 

The recovery system stowage com- 
partment is located below the docking 
hatch. Directly behind the hatch is an 
electrical control panel topped by a dis- 
play panel facing the front crew po- 

Eye level of the forward astronaut 
during boost and re-entry is about six 
inches lower than the eye position dur- 
ing docking, as a result of seat me- 
chanics. The three astronauts in the 
rear position are seated on a lower level 
than the forward astronauts during 
boost and re-entry, but during low 
g-loadings are raised, by seat action, to 
an almost vertical stance. Clear room 
for the rear astronauts between the 
module’s lower and upper equipment 
bays is 81.5 in. Lower equipment bay 
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LONGITUDINAL SECTION of modified Apollo-type spacecraft is shown. Six crewmen arc located in groups of three in fo 


ad aft 


to Support 24-Man Orbital Space Station 


accommodates the guidance and navi- 
gation installation in a 7.1-cu. ft. vol- 
ume. This will be on the non-sunside 
and will be subjected to the lowest 
temperature environment. 

The apex formed by the side of the 
module with the heat shield affords ad- 
ditional equipment volume, completely 
around the base of the module. It con- 
tains tanks for water, fuel, oxidizer, and 
helium. It also houses these reaction 
jets: Double sets of yaw jets at opposite 
sides of the crew module at about seat 
level, double sets of roll jets at opposite 
sides of the module at about the level 
of the forward astronauts’ heads, and 
two pitch jets located on top of the 
module, in line with the center astro- 
naut position. 

Another pair of pitch jets is posi- 
tioned immediately above the docking 
hatch, directly forward of the crew 
module display panel. 

Crew module reaction control system 
is used only during the re-entry' phase 
to orient the module before atmospheric 
maneuvering and also to control roll 
during this maneuvering. 

Each reaction jet has a thrust of 90 
lb. and can be manipulated at 15 cps. 


Each jet has a total use period of about 
200 sec. 

Cargo module reaction jet system is 
comprised of four clusters of nozzles 
spaced at 90 deg. near the forward por- 
tion of the module. 

Each cluster incorporates four jets, 
each capable of a thrust of 100 lb. for 
cycling at 15 cps. 

Cargo module main propulsion sys- 
tem will have a thrust in the range of 
3,500 to 10,000 lb., will be capable of 
multiple starts and will have a throttling 
ratio of about 10 to 1. 

Crew Module Environment 

Crew module nominal environment 
will consist of a cabin pressure of 7 
± 0.2 psia., relative humidity of 40 to 
70%, temperature of 75 ± 5F, and a 
carbon dioxide partial pressure of 7.6 
mm. Hg. maximum. 

Crew module orbital-storage unpres- 
surized environment will have cabin- 
interior equilibrium temperature of zero 
maximum, — 16F average, and — 33F 
minimum. Interior wall temperature on 
the sun side will be 42F maximum, 21F 
average and zero minimum. Interior 
wall temperature on the non-sunside 


will be — 56F maximum, — 67F aver- 
age, and — 79F minimum. 

Orbital-storage pressurized environ- 
ment will provide an equilibrium tem- 
perature of 1 5F for cabin interior, 30F 
for interior wall on sun side, and — 35F 
for interior wall on non-sunside. 

Crew module would develop no aero- 
dynamic lift with center of gravity along 
the module's longitudinal axis. Offset- 
ting the center of gravity by locating 
heavy equipment on one side of the 
longitudinal axis allows the crew module 
to be trimmed at an angle of —33 deg. 
The axial force in this trimmed atti- 
tude is resolved to yield a lift-to-drag 
ratio of 0.5. Positive lift is generated 
at negative angle of attack. 

Crew module would develop no aera- 
tion of the vehicle about the instantane- 
ous velocity vector, but this maneuver 
will force the lift vector out of a given 
plane of action so that any effort to 
maneuver in the vertical plane will 
produce horizontal displacements auto- 
matically. 

Landing conditions for the command 
module will include a capability to land 
on smooth terrain with a slope less 
than 5 deg. in all directions, and no 
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How can a “bargain" temperature 
control system perform like this? 


Chalk It up to experience. Since 1947, 
United Control has designed and manu- 
factured a variety of reliable aerospace 
and industrial temperature control sys- 
tems, proving them in the field, the lab- 
oratory, and with analog computer studies 
even before prototypes are produced. 
Today, nobody knows temperature control 
like United Control: each fresh require- 
ment can be satisfied quickly and effi- 
ciently; after-delivery service is greatly 
simplified; and unsurpassed reliability is 
matched only by outstanding economy. 
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The dependable 1793-1 Temperature Con- 
trol System, used to regulate guidance 
compartment temperature in the newest 
of America's silo-stored ICBM's, was put 
through its paces by United Control's ana- 
log computer. The compact, lightweight 
system, consisting of a controller and a 
pump package, established the pre-set 
temperature with operating tolerance 
±0.2°F. in less than 9 minutes (far better 
than required)... and is capable of main- 
taining this accuracy for full life. This 
system also provides many vital auxiliary 
functions: for example, an alarm signal if 
temperature errors exceed ±0.45 ±0.05°F. 
...stoppage of non-system processes if 

temperature varies by over ±17°F and 

constant readout for split-second determi- 
nation of guidance compartment tempera- 
ture. Both instruments can be stored for 
up to 5 years after delivery, then put in 
continuous, trouble-free service for 3 years 
...a total life of 8 years! 

Studies like this are only part of United 
Control's unending search for new stand- 
ards of reliability and performance. Scores 
of checks, from design evaluation to 
painstaking inspection of every produc- 
tion component, insure you the highest 
quality in temperature control systems for 
missile guidance compartments, indus- 
trial storage areas, food processing plants 
and a host of other unusual aerospace and 
industrial application. Whenever the solu- 
tion to your problems means temperature, 
environmental, flight or propulsion con- 
trols, or accessory systems and equip- 
ment, call United Control: serving Ameri- 
can industry-where reliability counts. 



UNITED CONTROL CORPORATION 

OVERLAKE INDUSTRIAL PARK, REDMOND, WASHINGTON 
Phone: 206-885-3711 TWX: 206-999-1874 



tumbling. The command module will 
be habitable for one day and provide for 
a seven-day survivability period. Equip- 
ment limit accelerations will be 30g for 
all axes, except in the —X (longitudi- 
nal) axis direction, where it will be 20g. 

The guidance and navigation (GN) 
system will constitute critical equipment 
for the modified Apollo spacecraft sys- 
tem. The division lias sought industry 
participation for this equipment for a 
team effort in the study. 

The guidance and navigation system 
will be self-contained, with no reliance 
on any earth or space station data link, 
except for a possible link to the space 
station just before departure from it. A 
transponder will be available on the 
space station for rendezvous guidance. 
Guidance, Navigation 

Guidance and navigation system will 
contain inertial, optical, radar and other 
sensors, a guidance computer, pilot dis- 
plays and manual control switches, and 
backup GN capability. Pilot participa- 
tion in GN operations will be limited 
to those tasks which can be performed 
without leaving the couch. 

The system provides attitude error 
commands to the stabilization and con- 
trol system, and thrust on-off and throt- 
tling commands to the mam propulsion 
engine. The stabilization and control 
system includes rate gyros, servo loop 
electronics, jet select logic and pilot 
control stick. It sends signals to the 
reaction control system and the main 
engine gimbal actuators in accordance 
with attitude error commands from 
the GN system or in accordance with 
pilot rotational and translational com- 
mands. 

Pitch, roll and yaw error signals will 
be provided bv the GN system during 
all mission phases, except during stor- 
age and during re-entry, when only a 
roll signal will be provided. 


Engine throttle commands will be 
supplied in the form of a. c. voltage 
proportional to the desired thrust level. 
Engine on-off signals will be in the 
form of an on-off d.c. signal. 

Display infonnation will allow the 
crew to monitor GN system operations 
and flight data. Plight data displays 
will be sufficient to allow the crew to 
control the spacecraft manually during 
docking, in initiation of abort, and in 
emergency situations. 

Displays will include failure and re- 
entry-parameter information, spacecraft 
attitude and attitude rates, and range 
and range rate relative to space stations. 

GN system, capable of monitoring 
pcrfonnance of the spacecraft during 
the boost phase, will provide decision 
rules to detennine deviation of the 
spacecraft from the bounds of the in- 
tended trajectory' and performance re- 
quired for successful injection into 
parking orbit or for direct rendezvous. 
Based on this capability, the system 


will be able to provide the signal for 
initiating an abort. 

The system will be capable of inject- 
ing the spacecraft into a 100-naut mi. 
parking orbit or a 261-naut. mi. circular 
orbit. The spacecraft may remain in a 
parking orbit for 12 hr., and the guid- 
ance and navigation svstem will be ca- 
pable of providing a I Iohmann transfer 
to the 261-naut. mi. circtdar orbit. 
Rendezvous Guidance 

The GN system will provide guid- 
ance from the initiating point of ren- 
dezvous to the arrival point at specified 
position and velocity dispersions re- 
quired by the docking operation. 

For the acquisition mode, estimated 
range capability will be 100 naut. mi. 
with transponder on the space station 
and 15 naut. mi. if there is no trans- 
ponder support. Range rate will be 800 
fps., and angular rate of line-of-sight 
will be 0.4 milliradians per sec. These 
values will be modified if rendezvous 
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This hunter is no killer. 


U.s.s. Dolphin is the Navy's newest and deepest- 
diving experimental submarine, now being built 
by Portsmouth Naval Shipyard. 

Dolphin will hunt answers. 

As she probes deep among the sea’s mysteries, 
she’ll also be testing the latest developments in 
submarine construction and control. 

Her steering-and-diving control system came out 
of Republic’s Hydrospace Division. From control 
wheel to aircraft-type cable system, it is quieter. 


far lighter and even more reliable than today’s 
most advanced sub-control systems. It is also 
easier to install and maintain, because the whole 
thing is designed as a unit. 

Dolphin's rudders are made of two new plastic 
materials, reinforced with steel. 

They’re seven feet tall, two feet thick. Tough, 
buoyant and non-deforming, even under the most 
extreme operating pressures. 

We designed and built them , too. 


REPUBLIC 


guidance combines the Hohmann 
apogee impulse with the rendezvous. 

The rendezvous mode will rely on 
the gimballed and throttlable main en- 
gine. 

Reaction-tvpe jets (cargo module) 
will be used for orientation of the space- 
craft. 

For the last several thousand feet, 
visual control will be exercised by the 
astronaut, using optical aids. 

In the docking mode, contact rela- 
tive velocities will be 0 to 2 fps. for 
angular approach. 

Radial alignment of spacecraft will 
have to be within 1 2 in. for the location 
of the X-axis (module axis of sym- 
metry) with respect to the docking 
mechanism axis. 

Angular alignment of the spacecraft 
during this maneuver will have to be 
within 10 deg. 

Spacecraft footprint, depending on 
g-loads, will be between approximately 
1,280 naut. mi. longitudinal range and 
between 75 and 150 naut. mi. lateral 
range either side of the longitudinal 
range line. 

Nuclear Power Studied 
For Space Stations 

Los Angeles— Detailed analyses of nu- 
clear electrical power generating systems 
for manned orbiting space stations are 
being perfomied for National Aero- 
nautics and Space Administration's 
Lewis Research Center by two industry 
contractors: 

• General Electric’s Nuclear Div. is 
studying reactor heat sources using both 
thermoelectric and dynamic (Rankine 
or Bravton cycles) power conversion, 
under a 583,228 contract. 

• Martin Co.’s Nuclear Div. is studying 
isotope heat sources for these power 
conversion schemes, under a S40.091 
contract. 

Aim of the studies (AW July 8, p. 22) 
is to provide sufficient data to allow de- 
signers to incorporate nuclear power in 
space stations early in the design phase 
of the program. 

Space stations envisioned for appli- 
cation of the power systems include the 
following configurations (AW Apr. 1, 
p. 70): 

• Rotating radial Y-tvpe. Earliest launch 
date for this configuration is considered 
to be the 1967-69 period. The station 
will accommodate 12 to 30 men. will 
have a station life of 1 to 5 years, and 
will require 12 to 35 kw. of power. The 
station will be 1 50 ft. in diameter and 
20 ft. deep, and orbital altitude will be 
150 to 300 mi. 

• Cylindrical type. Earliest launch date 
for this configuration is 1967. It will 
accommodate 3 to 6 men. station life 
will be 1 to 2 years, and power required 
will be 2 to 5 kw. Diameter will be 32 
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A one-acre field in the shape of a right triangle has a post at the 
midpoint of each side. A sheep is tethered to each of the side 
posts and a goat to the post on the hypotenuse. The ropes are 
just long enough to let each animal reach the two adjacent vertices. 
What is the total area the two sheep have to themselves, i.e., the 
area the goat cannot reach? —contributed 

We hope you'll all be WESCON-bound for Frontiers in Elec- 
tronics at San Francisco’s Cow Palace, August 20-23. Marking 
our 13 Litton booths this year will be the numbers 3205-3211 
and 3312-3317. You’ll find us within the limits of the south annex 
on the main floor. Try and make it, huh? We’d like to see all our 
readers there. Non-readers welcome, too. 

ANSWER TO LAST WEEK’S PROBLEM: 9 at $ 10.89 = $98.01. 

m LITTON INDUSTRIES, INC. 

Beverly Hills, California 
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Program lor a mission, pattern for a launcher 


Punched cards and aluminum honeycomb played an important 
part in the development of an advanced ECM simulator, and 
production of a lightweight launcher for ASROC. While the de- 
sign problems were different, they were solved by a similar 
capability— engineering skill and ingenuity offered by Universal 
Match Corporation's Government Products Group. 

A simple punched-card system provides a flexible method 
for programming the T-4 Electronics Countermeasures Simu- 
lator, developed by Reflectone Electronics, Inc., a UMC sub- 
sidiary; T-4 can duplicate virtually any RF condition which a 
B-52 ECM officer might encounter over enemy territory. 

Engineers at UMC's Unidynamics Division combined light 


weight and high strength needed for ASROC’s unique launcher 
through use of honeycombed aluminum. The unit not only 
nests eight missiles above deck, but also serves as launcher. 
This imaginative design technique points the way toward more 
reliable launchers of increased mobility. 

UMC's Government Products Group offers the capability for 
solving many diverse problems, and the ability to design and 
produce advanced systems important to our defense posture. 

UNIVERSAL MATCH CORPORATION 

GOVERNMENT PRODUCTS GROUP 

UNIDYNAMICS DIVISION REFLECTONE ELECTRONICS, INC. 
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tt.. length 22 ft. Orbital altitude will be 
1 50 to 500 mi. 

The studies are not limited to sys- 
tems available in the 1967-69 period, 
but include more advanced concepts. 

The studies are divided into two 
phases. Phase 1 is a feasibility analvsis 
which defines space station power and 
environmental requirements, assesses 
the nuclear hazard associated with op- 
eration at low altitudes and safeguards 
icquircd. and considers effect of radia- 
tion hazards on normal operations, 
docking, assembly, repair and escape. 
Competitive position of nuclear elec- 
trical power with respect to other power 
systems (fuel cells, solar cells, and solar 
dynamic and solar thermionic systems) 
also will be analyzed. Phase 1 will be 
completed early in November. 

After review of Phase 1 results by 
NASA. Phase 2 will be initiated. The 
first task under Phase 2 will be to pro- 
vide general parametric data including 
a comparison of static and dynamic con- 
version systems, a comparison of iso- 
tope and reactor heat sources, and relia- 
bility vs. weight, cost, and powerplant 
configuration. 

T he nuclear hazard will be analyzed 
with respect to a range of orbital alti- 
tudes. Space station configuration and 
dimensions will be analyzed with rela- 
tion to shield weight. 

The second task under Phase 2 will be 
a conceptual design of a nuclear elec- 
tric power generating system which will 
have shielding for normal operation, 
docking, repair, refueling and escape. 

Other factors to be stressed include 
radiator design, structural integration, 
and control, start-up, shutdown, and re- 
start methods. Life of the powerplant 
will be considered with respect to power 
level and number of start-stop cycles. 
Integration of life support, vehicle 
stabilization, and nuclear power systems 
also will be stressed. 

Total task under Phase 2 will be to 
define the optimum nuclear electric 
powcrplants for manned space stations, 
specify the potential for stations of the 
SNAP power systems now under de- 
velopment. and modifications and de- 
velopment required to adapt the SNAP 
systems for space station applications. 




This little remote control package 
took two heads to get the right answer 

within a total elapsed time of 25ms to 45ms. 

It will perform reliably under temperatures from minus 55'C 
to plus 80 =C, with a voltage range from 20 to 28 volts. Its size 
is 1W x 355a"- 

The drive selected was a Ledex Size 3E rotary solenoid. This 
gave the speed and punch required to make five wiping contacts 

Precise control of the speed was provided by the addition of 

head full of actuator experience and one with .Acad full of 
switching experience. We have both at our place. 

We often team together here at Ledex on jobs like this, be- 

ducc a package that will 'provide a complete renfote control 
solution, We’re generally at our best on jobs that require switcli- 

If you have a tough one, send it along, or phone us at 513- 
224-9S91. Or write for our "More Work In Less Space” booklet. 
It tells what we can do. Ledex Inc., Dayton 1, Ohio. 

Do it today. 

Cliff Giese 

Product Engineer— Actuators 
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Lunar landing gear. . . from the people at Bendix 

Landing struts for lunar excursion craft and landing skids for manned re-entry vehicles. □ Other people 
at Bendix are working on engine control systems, landing gear, rocket equipment, high temperature 
composite materials and nuclear mechanisms. An Aerospace team of skilled and experienced people 
. . . skilled in all phases of program management, backed up by complete engineering and production 
facilities, give Bendix the capabilities to undertake many varied Aerospace programs. □ To find out what 
this Bendix team can do for you, write: General Sales Manager, South Bend 20, Indiana. 




Bendix Products Aerospace Division 




APPLICATIONS 

• Sensing element in recording-type accelerometers 

• Arming switch in missiles and rockets 

• Rocket ignition circuits 

• Parachute release 


ADVANTAGES 

• Complete flexibility — open or closed 

• Meets Mil. Specs 

• Miniature size — 1-3/16" x 7/16" OD 

• Weight - 3/4 oz. 

• Simple, rugged construction 


This highly reliable unidirectional single-axis acceleration switch 
actuates critical equipment, without the need of electronic cir- 
cuitry, in response to preset accelerations. Its gas-damped spring 
mass system is design-engineered for efficient operation in 
practical field use, and assures peak performances under severe 
vibration/shock conditions. Meeting all applicable MIL specifica- 
tions, it is ultra-dependable for monitoring, limiting, or analysing 
"g" in a variety of aerospace applications. 

(A bi-directional switch is also available.) 
Full technical information on these versatile devices is avail- 
able on request. 


WRITE TODAY FOR COMPLETE LITERATURE AND SPECIFICATIONS 

MAXSON ELECTRONICS CORPORATION 



USAF Tests Water 
Retrieval System 

Cook Electric Co. has developed water re- 
trieval system fer USAF which is applicable 

ejected from space. USAF is testing system 
in Lake Michigan. Heart of recovery device 
is a small unmanned Boat (right) powered 

Aircraft crew remotely guides boat to target 
(see drawing above for sequence of opera- 
tions). Boat can also home in on target if 
latter contains beacon. When boat reaches 
proper range, it fires snare line over target 
with two-barrel drogue gun. Boat then 
maneuvers close to target, gathering and cut- 

tar then fires net over target, and pickup 
mast is erected on boat. Aircraft lowers 
trapeze device, snatches mast and retrieves 
target. Second mast is erected for recovery 
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AVIONICS 


New Radar Telescope to Map Ionosphere 


By Philip J. Klass 

Arecibo, Puerto Rico— An unusual ra- 
dar telescope. 40,000 times more pow- 
erful than the Millstone Hill radar 
which first made contact with the 
planet Venus, will become operational 
within several weeks here at the Arecibo 
Ionospheric Observatory. 

The novel facility, believed to be the 
world’s largest and most powerful scan- 
ning radar, was built under the sponsor- 
ship of the Advanced Research Projects 
Agency at a cost of about 58. 3 million. 
It will enable scientists for the first 
time to map a detailed profile of the 
many layers of the ionosphere, the shell 
of ionized particles surrounding the 
earth which plays an important role in 
terrestrial radio communications, in 
1CBM detection and tracking and 
which possibly affects our weather. 
Natural Bowl 

The 1.000-ft. dia. antenna built into 
a natural mountain bowl is powered by 
a 2.3 megawatt peak-power transmitter 
operating at 430 me. The antenna is 
expected to have a gain of 60 db. and 
generate a beam whose width is less 
than ith deg. Photographs do not ade- 
quately convey the gigantic size of the 
new observatory or of the construction 
feat involved in its fabrication. 

Previous radar telescopes, both here 
and in the Soviet Union, have only been 
able to make contact with Venus, Mer- 
cury' and Mars when the planets were 
in close proximity to the earth. They 


also had to rely heavily upon data pro- 
cessing to extract the weak radar echo 
from the background noise. The Are- 
cibo facility should be able to reach out 
to these planets at any time that they 
are within the field of view of the radar 
and obtain a directly observable signal, 
according to Dr. Gordon Pcttengill, 
associate director of the observatory. 

Radar contact with even more dis- 
tant planets, such as Jupiter and Saturn, 
also may be possible when they are in 
proximity to the earth. 

While the Arecibo facility will 
greatly extend the reach of radar as- 
tronomers, its primary objective is to 
make a detailed study of the ionosphere. 
Prior to the advent of the space age. 
scientists were seriously handicapped in 
efforts to probe this multi-laved hetero- 
geneous shell which ranges from a low 
of about 30 mi. to about 250-mi. 

The availability of satellites and 
rocket probes has provided greatly in- 
creased knowledge of the ionosphere. 
But because such probes and satellites 
can explore only a limited sector of the 
ionosphere at any time, and because the 
composition of the layers changes with 
time of day, season and solar condi- 
tions, it is difficult to obtain a fine- 
grained profile and sort out cause from 
effect. This is the void which the new 
observatory seeks to fill. 

The Arecibo Ionospheric Observatory 
is the brain child of Professor William 
E. Gordon of Cornell University who 
was appointed director of the facility. 
He suggested that the incoherent back- 


scattering from free electrons in the 
ionosphere at ultra-high frequencies 
(UHF) was sufficient to provide a de- 
tectable signal. Measurement of the 
magnitude, spectrum broadening and 
variations of these parameters could he 
used to determine the temperature of 
free ions and electrons in the iono- 
sphere and to study the effect of solar 
flares and so-called "gravity waves.” 

This incoherent back-scatter is so 
weak that for conventional size power 
radars, the ionosphere is considered to 
be transparent above frequencies of 
about 30 me. 

Important Role 

Gordon proposed using a high-power 
transmitter and an extremely large 
(high-gain) antenna. Because the prop- 
erties of the ionosphere play an im- 
portant part in ICBM detection and 
decoy discrimination, the Advanced Re- 
search Projects Agency in 1958 agreed 
to fund the concept as part of its Proj- 
ect Defender program for exploring 
new ICBM defense techniques. Cor 
nell University and the Army Corps of 
Engineers were named as prime con- 
tractors with the Air Force Cambridge 
Research Laboratories assigned to pro- 
vide technical management. Construc- 
tion got under way in 1960. 

Recognizing the technical difficulties 
and extreme cost of building a conven- 
tional radar antenna of such huge di- 
mensions, Gordon proposed that it use 
a stationary dish in a natural bowl with 
an overhead feed which would permit 



ARECIBO RADAR'S ABILITY to scan 20 deg. off the vertical with fixed dish results from use of technique developed by Air Force Cam- 
bridge Research Laboratories more than a decade ago. Arecibo uses spherical dish and 96-ft. long phased-array line feed instead of con- 
ventional parabolic-shaped reflector and point source. By using lateral dimension of square waveguide feed line to control energy ampli- 
tude radiated at each point along its length, and the length of radiating slots to control phase of energy, the spherical dish forms an in- 
phase. equal-amplitude wave front as shown in (A) above. To steer beam to some other vertical angle, carriage house moves about a 
curvature which keeps top of feed array always at a distance of onc-half dish’s radius of curvature from the dish, as shown in (B). 
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the beam to be scanned over an angle 
of 6 deg. any side of vertical. By locat- 
ing the facility near the equator, rota- 
tion of the earth would provide 360- 
deg. azimuth rotation in the ecliptic 
plane, with a view of the solar system. 

AF Cambridge Research Laboratories 
improved upon this idea by suggesting 
a technique that would pennit the 
beam to be scanned through an angle 
of 20 deg. from the zenith. This im- 
portant improvement was made possi- 
ble by a research study which had been 
conducted almost a decade earlier by 
three AFCRL scientists: Dr. R. C. 
Spencer, C. J. Sletten and J. E. Walsh. 
They had developed a relatively simple 
technique which permitted use of a 
spherical (rather than a parabolic- 
shaped) reflector with a phased-line 
feed source employed to prevent aberra- 
tion. (For a description of the tech- 
nique, see sketch, p. 84.) 

The Arecibo Ionospheric Observatory 
is located roughtly 12 mi. south of the 
Puerto Rican city along the northern 
coast whose name it bears. The site was 
selected after an extensive survey of 
areas located near the equator whose 
topography provided natural bowls. The 
observatory is situated at approximately 
1 8 deg. north latitude and 66 deg. west 
longitude, enabling it to scan the 
ecliptic plane. The mild climate here, 
with a temperature variation of less 
than 30 deg. during the year, is favor- 
able to dimensional stability of the huge 
antenna. The surrounding hills offer 
some protection against high winds and 
stray electromagnetic interference. 
Spherical Form 

Despite use of a natural bowl, con- 
tractors had to dig and blast out nearly 
300,000 cu. yds. of material while 
about 200,000 cu. yds. of dirt were 
needed to shape the bowl into a spheri- 
cal fonn. Because the radar beam can 
be steered only 20 deg. any side of the 
zenith, only about 40® ot a hemisphere 
had to be constructed for the dish. Thus 
the radius of dish curvature is 870 ft. 
while the distance across its upper lip 
measures 1.000 ft. Total dish surface 
is about 1S.5 acres. 

The 96-ft. long phased-array feed line 
is supported over the dish by means of 
a triangular-shaped platform, supported 
by three sets of main cables suspended 
from three reinforced concrete towers 
spaced at 120-deg. intervals around the 
bowl. Each set of main cables con- 
sists of four 3-in. dia. cables. To pro- 
vide rigidity in space, the triangular 
platform is anchored by means of H in. 
dia. tie-down cables. Two of the towers 
are 260 ft. high: the third is 385 ft. 

A 340-ft. long crescent-shaped strac- 
ture. called the feed arm, is supported 
from the triangular platform by means 
of a circular track, with electric motors 
used to rotate the arm in azimuth. The 
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7 seconds . . . done! 



No rejects! 


Just one crimp terminates the contact in this new 
A-MP BNC Series COAXICON* Connector. One 
crimp terminates inner conductor, outer braid 
and cable support . . . simultaneously! Result? You 
save more than 50% in applied costs over other 
BNC assemblies. And that's just the beginning! 

There’s never any time loss or hidden costs. Con- 
tacts come pre-assembled, ready to crimp. Never 
any rejects or faulty connections. Controlled cycle 
crimping tools permit no variance in the connec- 
tions. Each termination is identical— precision 
crimped and electrically stable. Each delivers 
minimum discontinuity for example at 4,000 meg- 
acycles, the voltage standing wave ratio is 1.12:1. 

Make a match— our BNC Connectors against any 
others. Ours are fully intermatable with com- 
parable UG/U series connectors. They meet and 


exceed all specifications of MIL-C-3608A. They’re 
available in a broad range of RG/U cable sizes, 
with Right Angle, Tee and Bulkhead adapters to 
meet every design requirement. 

Add up the advantages: quick assembly, stable 
performance, lowest applied cost. For RF applica- 
tions in your most advanced electronic equipment 
choose A-MP BNC Series COAXICON Connectors. 
They're available now. Send today for complete 
specifications. 




underside of the arm is located 435 ft. 
above the bottom of the dish, corres- 
ponding to half the dish’s radius. 

Along the curved underside of the 
ami are two tracks running lengthwise 
from which are suspended two small 
"carriage houses," one either side of 
the center. The phased feed line is 
suspended from one of the two carriage 
houses, while the other presently car- 
ries ballast but later will be equipped 
with a feed line designed to operate at 
different frequencies. 

To aim the antenna beam with re- 
spect to the vertical, the carriage house 
earning the 96-ft. feed line moves out 
from the nadir (center) position, while 
the other carriage house is driven in the 
opposite direction to balance the struc- 
ture. Thus the two carriage houses 
move in unison, either toward or away 
from the center of the crescent-shaped 
arm. To aim the beam in azimuth, the 
entire crescent-shaped arm rotates with 
respect to its supporting triangular plat- 

The entire structure, weighing about 
300 tons, is designed to be so rigid that 
the end of the 96-ft. feed line will not 
shift position by more than six inches 
in the presence of a 30-kt. wind, ac- 
cording to Philip Blacksmith, Al'CRL 
project officer. 

Work already is under way to build 
a transmitter-receiver to permit meas- 
urements to be made at 40 me. simul- 
taneously with those at 430 me., to 
determine the effects of frequency. 
Pettcngill is hopeful that later the Areci- 
bo facility can be equipped to operate 
at frequencies up to 1,420 me., cor- 
responding to the hydrogen line radia- 
tion frequency, and that the tolerances 
of the dish and its feed will permit such 
operation. 

The dish itself is fabricated from 


panels of steel mesh ("chicken wire") 
which are secured to steel cables that 
criss-cross the bowl in north-south and 
cast-west directions. Ten bridge strand 
cables, each 11 in. dia. set at 100 ft. 
intervals, run in a north-south direc- 
tion to provide a stabilizing frame for 
the reflector. To provide the desired 
curvature and rigidity, these main cables 
are secured at 16-ft. intervals either to 
a vertical tic-down cable or to a set of 
three guy cables. 

Criss-crossing in an east-west direc- 
tion are 318 cables measuring 1 in. dia. 
which are clamped to the north-south 
cables at every intersection and loaded 
with steel ballast rods to form a spheri- 
cal contour. 

The sheets of i x 1 in. galvanized 
steel mesh, in widths of 5 ft. and 
lengths of 1 3-18 ft., are placed atop the 
cable grid by means of a special eleva- 
tor supported bv cable. (See photo 
above.) 

The individual sheets are clamped 
together for good electrical contact and 
attached by wire to the east-west cables 
at 18 points. 

Because the steel mesh is being laid 
while clean-up work still is underway 
on the feed platform overhead, the re- 
flector collects dropped tools, empty 
cigarette packages and the like. To 


Arccilio 

Unclassified 

The new At 

cibo Ionospheric Ob- 

servatorv, with i 

huge, powerful radar 

telescope, is now 

eo 1 1 t 1 el lied 

and the results . 

its exploration of the 


lar svstem arc expected 

to be made fi 

Iv public. Originally. 

classification was 

ipplied to the possible 

use of the facili 

■ to detect nuclear ex- 

plosions m space 

or the ionosphere. 


LIO 


LINEAR ACTUATOR 



300 ,. 

Maximum operating force 
in a miniaturized package 

Miniaturized, but with a king-size 
power capability, the new L10 
actuator is ideal tor applications 

minant. The L10 provides a 2-in. 
working stroke adjustable over Its 
entire range in a retracted length 
of only 4'/i in.— a high ratio made 
possible by a unique internal struc- 
ture. The LlO's construction 


cover. The L10 is available with a 
magnetic brake which prevents 

of the actuator’s stroke and per- 

screws. A large range of speed and 
power options is available. The L10 
actuator's total weight is only 8 oz. 
It conforms to MIL-A-8064A and is 
equipped with a radio noise filter 
that complies with MIL-l-26600. 
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Beech -built "missing link" ends make-believe training 


Other Beech Capabilities In Systems Management Include: 





Propulsion. . . 


Auxiliary Power. . . 


Space Simulation . . . 


Management . . . 


Manufacturing . . . 


Complex Vibration . . . 


KD2B-1, now being produced under U. S. Navy contract, is 
another example of Beech's systems management capability 


How may we help you? To discover how the 
proven capabilities of the Beech organization can be 
quickly and efficiently put to work on your project, 
write, wire or phone Contract Administrator, Aero- 


space Division, Beech Aircraft Corporation, Wichita 
1, Kansas. Beech stands ready and eager to accept 
complete systems management responsibility for your 
project right now. 


The Beech KD2B-1 — shown above — is America’s 
first missile target system to match the performance 
of the fastest enemy jets. It ends the need for target 
towing, faking, or simulation of any sort. By match- 
ing actual supersonic aircraft speeds, altitudes and 
target characteristics, it makes possible low-cost 
realistic training. It can evaluate proficiency of every 
advanced weapons system, including radar-directed 
and heat-seeking missiles. 

But weapons evaluation is only one of the many 
jobs the Beech KD2B-1 is capable of doing. It has 
capabilities for use as an inexpensive operational 


missile. Its payload capacity and low-maintenance de- 
sign fit it admirably for a wide range of tactical missions. 

The KD2B-1 is easily adaptable to air-launching, 
surface-launching, or ship-launching with existing 
equipment. It is capable of Mach 2 speeds at 70,000 feet 
and Mach 3 speeds at 100,000 feet. 

Designing, developing and building missile sys- 
tems is one of the many elements that make up the 
comprehensive Beech capability. It’s one reason Beech 
is prepared to undertake complete systems manage- 
ment responsibilities for a wide range of space-age 
projects. 


)eeck \^4^S/yzce!^iVcSi<rH. 


I CORPORATION • WICHITA 1, KANSAS 


HELPING BUSINESS GROW FASTER: Only Beechcrafl offers such a com- 
plete line of planes with so much speed, range, comfort and quiet to help 
business multiply the money-making decisions that each top man can 
make. That's how thousands of Beechcrafts have paid for themselves. 
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BIGGEST SPACE CHAMBERS BUILT... BY PDM 


PDM has designed and built two space environment 
simulation chambers for NASA's Goddard Space Flight 
Center at Greenbelt, Md.— the largest high vacuum 
chambers built and tested to date. Each is 33'-6" <i> x 58' 
high, has a fully removable head, a stainless steel shell 
and a #4 polished interior surface. One is shown here. 

These almost-identical twins were designed for ulti- 
mate 1 x ID® mm Hg. operation. One is equipped for 
ultra-high vacuum and has been shakedown-tested 
below 1.4 x lO 9 mm Hg.— a full decade better than 
specified. The other is planned for dynamic testing at 
lesser vacuums— but is suitable for future upgrading. 


In the meantime, these "almost" twins provide flexibility, 
performance and full-scale checkout capability for the 
largest space vehicle systems. 

Consult PDM on your space facility requirements. 
Twenty-five years of experience in the design and con- 
struction of aero-space facilities are your assurance of 
performance. For information, phone, 
write or wire Pittsburgh-Des Moines Steel 
Company, Neville Island, Pittsburgh 25, 

Pennsylvania, plants and offices in 22 cities 



PITTSBURGH-DES MOINES STEEL COMPANY 
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clear the debris without damaging the 
mesh, clean-up operators will use water 
skis, according to Philip Waldron, 
business manager for the observatory 

The 2.5-megawatt transmitter, built 
by Radiation at Stanford, is housed in 
tlie 8,600-sq. ft. operations building of 
the observatory. Transmitter energy is 
piped by waveguide to the base of tower 
T-12 (located due north of the center 
of the dish in the 1 2 o’clock position), 
then along a 700-ft. long catwalk out 
to the suspended platfonn, for a total 
distance of nearly one-third of a mile. 

A huge rotary joint, which permits 
540 deg. of azimuth rotation, transfers 
the microwave energy to the crescent- 
shaped feed arm. The latter contains 
a 160-ft. long slotted waveguide which 
permits energy to be transferred to the 
carriage house and phased-arrav feed 
line as they change elevation position. 

The carriage house is outfitted with 
two complete low-noise "front-ends" to 
permit reception of both horizontally 
and vertically polarized signals simul- 
taneously. Each includes a low-noise 
Zenith electron-beam type parametric 
amplifier, low-noise RF amplifier, crystal 
mixer and intennediate frequency pre- 
amplifier for converting the received 
450 me. signal to 30 111 c. for transmis- 
sion to the receivers in the operations 
building. Design objective is to achieve 
an overall noise figure of 250K, accord- 
ing to Blacksmith. The receivers were 
designed and built by scientists at Cor- 
nell. 

The radar transmitter, using Eimac 
klystron tubes, can be operated either 
as a pulsed radar with peak power of 
2.5 megawatts or as a continuous-wave 
radar with 150 kw. average power out- 
put. Transmitter is designed to gen- 
erate a variety of pulse waveshapes with 
repetition rates of 1-1,000 per second 
and pulse durations of two microseconds 
to 10 milliseconds, according to Dr. 
Pettengill. Both the transmitter and 
receivers have been installed and under 


test here for more than a year, using a 
small fixed hom as a test radiator dur- 
ing this period. 

The operations building facility in- 
cludes a Control Data Corp. 160A digi- 
tal computer which will be used as a 
preliminary' data processor for gross 
analysis of observatory data, A digital 
control system, supplied by Milgo Elec- 
tronic Corp., will be used to transform 
celestial coordinates of planets to locate 
the required antenna aiming point. 

The Arecibo Ionospheric Observatory 
will be manned by a staff of approxim- 
ately 15 professional scientists and en- 
gineers plus an additional contingent 
of 25-35 persons for support and main- 
tenance. Approximately one-third of the 
professional staff and half of the sup- 
port group are natives of Puerto Rico. 
Additionally, students from the Uni- 
versity of Puerto Rico at San Juan arc 
expected to find summer employment 

Puerto Rican officials have been ex- 
tremely cooperative in accommodating 
the needs of the new facility, accord- 
ing to Blacksmith. The Puerto Rican 
Water Resources Authority built a 
special electric substation and ran feeder 
lines underground to minimize the pos- 
sibility of radio interference. The gov- 
ernment passed a regulation which 
limits the use of interfering devices in 
the vicinity of the observatory. While 
this has not been a problem to date 
because the area is largely agricultural, 
it is a welcome precaution. 

The $8.3 million spent to build the 
new observatory, including a mile of 
access road, is several million more than 
the early estimate. Despite the magni- 
tude of the construction and lack of ex- 
perience in building comparable facili- 
ties. Blacksmith was a hard-driving proj- 
ect officer, insisting on fixed-price con- 
tracts rather than cost-plus-fixed-fec ex- 
cept for the 96-ft. long phased line feed 
built bv Technical Research Group 
(TRG). 
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The versatile J79 turbojet — General Electric’s Mach 2, 17,000-pound-thrust 
powerplant — provides a wide variety of aircraft with a remarkable capability 
for speed, efficiency, and reliability. Developed to meet the Air Force’s rigid 
requirements for a Mach 2 aircraft, the J79 now powers the USAF’s General 
Dynamics B-58 Hustler and Lockheed F-104 Starfighter, the Navy’s North 
American A-5 Vigilante and McDonnell F-4B Phantom II, and the Air Force’s 
new McDonnell F-4C. Civilian derivatives of this high-performance engine 
are found in both the Convair 880 and 990 commercial jet airliners, as well 
as in marine and industrial applications. 

Military and commercial versions of the J79 have logged more than two 
million flight hours — in the course of which J79-powered military aircraft 
established 37 world class records for speed, altitude, and time-to-climb. 
Already the owner of more than half the Free World’s Mach 2 flight time, 
this General Electric turbojet is daily accumulating supersonic flight hours 
at an ever-increasing rate. 

With continuing advances in reliability and vigorous cost-reduction pro- 
grams, the J79 is meeting customer demands for maximum performance at 
reasonable cost — another example of the Accent on Value from General Elec- 
tric’s Flight Propulsion Division, Evendale, Ohio. 
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Microcircuit Radiation Problems Probed 


By Barry Miller 

Fullerton, Calif.-Semiconductor mi- 
crocircuits appear to be more vulnerable 
to the transient nuclear radiation that 
accompanies a nuclear weapons burst 
than are other types of microcircuits 
and circuits constructed with the best 
high-frequency transistors. 

Tire susceptibility of semiconductor 
microcircuits to disturbances caused by 
higli gamma ray rates generated in a nu- 
clear explosion can be reduced, how- 
ever. by employing a circuit logic tech- 
nique that minimizes the use of 

This is one of the preliminary con- 
clusions of investigations of microcir- 
cuit performance in pulse, or transient, 
nuclear radiation environments being 


conducted by the Nucleonics Div. of 
Hughes Aircraft Co. here. Although 
semiconductor microcircuits previously 
were suspected of being vulnerable to 
this type of environment, the Hughes 
results, based on linear electron acceler- 
ator and reactor exposure, are thought 
to be clear evidence of it. 

The tests arc being run by the divi- 
sion's Tree (Transient Radiation Ef- 
fects on Electronics) projects section 
under funding of a larger Navy Bureau 
of Weapons contract aimed at explor- 
ing radiation effects on avionics sys- 

Tree is the name of a govern- 
ment-industry panel, sponsored by the 
Defense Atomic Support Agency, which 
exchanges information on transient ra- 
diation effects and recommends to 


DASA how its research dollars should 
be spent in this area. The Tree panel 
has done much to foster an awareness 
of the hazards of transient nuclear radi- 
ation (AW Aug. 8, 1960, p. 58) dur- 
ing the several years of its existence. 

Other preliminary results of the 
Hughes tests indicate: 

• Experimental thin-film insulated gate 
field-effect transistors (AW Feb. 4. p. 
68) arc unaffected by transient radia- 
tion rates of 10* Roentgens' sec. over an 
energy spectrum of between 4 and 6 
mev, at least one order of magnitude 
higher than the rate at which significant 
transient radiation effects occur in some 
semiconductor microcircuits. (Peak rates 
of 10’ Roentgens/sec. to 10“ Roentgens/ 
sec. start to produce undcsircd signals in 



AVIATION WEEK & SPACE TECHNOLOGY, 


si 19, 1963 



neighborhood of a detonation. A rate of 
10’ Rocntgens/scc. is more commonly 
regarded as the threshold of suscepti- 
bility for most components). 

• P-N junction field effect transistors in 
transient radiation environments per- 
form no better than the best high-fre- 
quency bipolar transistors now available. 
Both appear to be disturbed at levels 
of about 10' Roentgens/sec. 

• Thin film resistors and capacitors are 
less susceptible, by about one order of 
magnitude, to transient nuclear radia- 
tion than are comparable bulk semicon- 
ductor passive components of the type 
made available today by a number of 


semiconductor manufacturers for bread- 
boarding microcircuits. 

These results could have a bearing 
on the selection or use of microcircuits 
for systems which must survive in a 
transient nuclear environment. For 
other reasons— their potential reliability, 
promise of maintenance-free operation, 
light weight and low power consump- 
tion-microcircuits are gaining favor for 
use in new weapon svstems, and in 
retrofitted equipment for others. But 
the process of hardening systems which 
must survive in the transient environ- 
ment might preclude the use of certain 
types of microcircuits or dictate designs. 


This installation combines integrity with beauty of cabin in- 
terior. It is compact and easy to install. 

It provides automatic presentation of oxygen masks, along 
with electrics for controls and signals . . . provides required 
passenger and crew oxygen protection for emergencies. 
Conforms with FAA requirements, and is an FAA certified 
installation. 

Puritan Equipment, Inc., 1703 McGee Street, Kansas City 8, 
Missouri ... a subsidiary of Puritan Compressed Gas Corp. 
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BREATHING LIFE INTO AIR AND SPACE TRAVEL 


In Hughes’ examinations, small quan- 
tities of microcircuits commercially 
available from two manufacturers were 
compared in various transient environ- 
ments. The two circuits had roughly 
the same logic capability. Significant 
transient radiation effects occurred in 
one circuit at the 10“ to 10' Roentgens/ 
sec. level; while the same effects did not 
appear in the other, a Signetics gate, 
until the radiation level increased by an 
order of magnitude. 

The difference, according to Robert 
W. Marshall, member of the technical 
staff here, can partly be attributed to 
the use in the Signetics device of a 
higher frequency transistor. Generally, 
higher frequency transistors arc less sus- 
ceptible to transient radiation. The 
reason for this is that high frequency 
transistors have narrower base regions 
and the magnitude of undesired in- 
jected currents due to transient radia- 
tion are directly proportional to the 
area and width of the transistor’s base. 
Significant Hypothesis 

Of more significance, however, is the 
hypothesis, explained by Marshall, that 
the need to isolate transistor device re- 
gions within the semiconductor sub- 
strate tends to create large area back- 
to-back PN junctions, the basis of the 
difficulty. Typically, the collector re- 
gions of transistors are diffused, as an 
N-type material in a P-tvpe base. The 
collector regions of the two transistors 
are separated by a P-region which effec- 
tively becomes a common anode for a 
pair of large diodes formed with the two 
collector regions. Transient radiation 
tends to create leakage paths through 
the diodes to ground, effectively ground- 
ing the collectors. This is a problem 
thin film devices which arc deposited 
on insulating substrates do not have. 

Of the two types of semiconductor 
microcircuits compared, the Signetics 
gate, as indicated in an accompanying 
diagram on p. 93, has only a single 



tor. When diode is connected there is an 
appreciable increase in collector leakage 
current, comparable to what can be expected 



Puritan's Oxygen Installation Is In 
The NORTH AMERICAN SABRELINER 
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This checkout system can’t 
get tired, misinterpret data, forget, 
overlook, make errors in judgment, 
or take coffee breaks. 



This checkout system can. 



Man alone has human failings. 

But man plus Datico is something else again. With 
the Datico checkout system, an operator can test any 
weapon system with superhuman accuracy. 

In the borderline areas, where human judgment 
can easily go wrong, Datico is never wrong. Datico 
doesn’t say “maybe” ; if a test point doesn’t fall with- 
in prescribed tolerances, it’s "no-go”. 

Datico tests up to the level of engineers, yet an engi- 


neer doesn’t have to be present while it’s testing. All 
the engineering skills are on the punched Mylar tape 
that feeds Datico instructions. So the test program 
will always give consistent results regardless of the 
experience, training, or background of the operator. 

Aboard the Polaris submarines, Datico is operat- 
ing day and night, 365 days a year, with less than 1 fo 
down time. Try to find a human (or a machine) with 
a record like that NORTHROP NORTRONICS 




WHAT TEMPERATURE IS A BREAKTHROUGH? 

This one is cold, and smaller than your thumbnail in size! 
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"SEE US AT WESCON BOOTH 305A" 


formed better in the environment than 
the semiconductor microcircuits tested 
thus far, including the Signctics gate. 
The Philco thin-film hybrid showed less 
voltage change, by about 20% at the 
peak rate, than did the Signctics gate. 
The radiation tolerance of hybrid thin 
film circuits is limited by the transistor 
used in the circuit, according to Mar- 
shall. 

In another interesting test scries. 
Hughes examined two identical circuits, 
one composed of thin film resistors and 
a Fairchild transistor of the type it sup- 
plies as a breadboard component for 
microcircuits, the other containing the 
same type of transistor but bulk semi- 
conductor resistors. When the isolation 
diodes which can be connected between 
the collector and the emitter (ground) 
of the transistor were in that configura- 
tion in both circuits, the performance 
under radiation was comparable. When 
the diode on the thin-film version was 
disconnected, the performance of the 
latter was much better than its com- 
panion. This tends to strengthen the 
Hughes belief about the role of large 
diode area in degrading transient radia- 
tion performance. 

Isolation Diode 

The effect of the isolation diode can 
be shown quantitatively. A test of a 
Fairchild NPN silicon planar microcir- 
cuit transistor is shown schematically 
on p. 9-f. Supply voltage is applied 
through collector load resistor Ri. to the 
transistor's collector. The base is 
grounded through a 2,200-ohm resistor 
to insure that the transistor is in the 
“off” condition. The anode of the 
isolation diode, shown in dotted lines, 
can be connected to ground (emitter) 
through a relay. 

The transistor is irradiated, but the 
two resistors arc isolated from it so that 
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Complete reliability in a single source 

Total responsibility means both the 
TECHNICAL and MANAGEMENT 
capabilities to conduct electrohydraulic 
fluid control programs from conception to 
completion. Your program in our hands is 
produced as it should be: efficiently and 
with guaranteed product reliability. 
Behind us is a record of producing over 
6000 integrated control packages. 
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SNAP-8 vital in-space power 

The SNAP-8 nuclear turbo-electric space power conversion system, under 
development for the National Aeronautics and Space Administration to 
provide 10,000 hours of continuous operation in space, is the kind of reliable, 
long-duration power that will become increasingly important in the ambitious 
years ahead as manned orbiting laboratories are launched... deep-space 
probes push off to such planets as Mars and Venus... permanent lunar 
bases are established. 
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Immediate openings exist for experienced or recently graduated engineers with BS or 
MS degrees (particularly in mechanical, electrical, metallurgical, nuclear or aeronauti- 
cal engineering) in the following areas. ..nuclear power systems: design and analy- 
sis of dynamic liquid metal systems, structural and thermal design, solar power 
systems: design and analysis of dynamic and static conversion systems, energy stor- 
age, absorbers, and concentrating devices, rotating machinery: turbines, pumps, 
motors, seals and bearings, heat exchangers: liquid metal heat transfer, boiler and 
condenser design and development, metallurgy: advanced liquid metal materials 
and systems technology, specialized welding, high temperature materials, testing: 
rotating components, environmental, liquid metals, nuclear systems, instrumentation. 

Send your resume— in confidence— to: R. c. smith 

engineering placement 
AEROJET-GENERAL CORP. 
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Microcircuits Survive Van Allen Belt 

Semiconductor microcircuits produced bv three different manufacturers have dem- 
onstrated sufficient resistance to neutron irradiation to indicate they could operate 
for at least one hundred years within or below the inner Van Allen Belt if this type 

Honeywell’s Aeronautical Div. in St. Petersburg. Fla. 

Honeywell concluded this from tests on microcircuits which it conducted with 
the University* of Florida Training Reactor at Gainesville. Fla. The company’s 
interest w*as primarily in the steady-state space radiation environment, quite different 
from the nuclear weapons burst environment explored at Hughes (see p. 91). It is 
directly concerned with the ability of digital computers using semiconductor micro- 
circuits to survive the dose effects experienced by orbital vehicles traveling in the 
inner Van Allen Belt or exposed to random solar flares. Thus, its investigations 
centered on the permanent effects of integrated neutron fluxes stretching as high 
as 10 IS ncutroiis/cin.”. rather than with high gamma rates which cause transient mal- 
functions in avionic circuits. 

Gamma rate effects were cxpcruncntallv screened out. 

Honeywell currently is producing a computer earmarked for the Air Force's 
X-20 (Dyna-Soar) program, which uses Fairchild semiconductor microcircuits. 

Company engineers tested five groups of circuits— four scries connected Signctics 
SE-100T gates, four Fairchild "G” gates in tandem, two Texas Instruments SN-5M 
gates in scries, two discrete component N'AND gates and five 2N708 transistors to 
permit monitoring of transistor beta degradation. 

The circuits were tested in the University of Florida 10-kw. water-cooled cobalt 
reactor which is capable of producing flux rates of 2 x 10" neutrons/ciu.Vsec. 'lire 
circuits were exposed in steps to gradually increasing flux rates, so that circuit 
responses could be monitored at different rates to be sure rate of radiation, rather 
than integrated doses, was producing any damaging effects. 

The circuits were exposed to an integrated dosage of 10" 1 neutrons/ cm 3 — corre- 
sponding to the dose they would receive in a continuous orbit within the Van Allen 
Belt of roughly 500 years duration (total dose per year would be 2.2 x 10" neutrons/ 
cm. 3 , about 1.6 x 10" ncutrons/cm. 3 for one hour of exposure to a solar flare near 
the earth). 

At 2.8 x 10" ncutrons/cin.'. an integrated dose which would be experienced only 
after about 100 years continuous exposure in the Van Allen belts. Honeywell says 
the output from tile Texas Instruments microcircuit chain disappeared. At the end 
of the tests, the Fairchild chain showed some deterioration in wave shape, reflected 
as increased asymmetry* in the output waveshape. Neither the Signctics chain, 
possible because it employed higher speed transistors nor the circuits using discrete 
components showed any deterioration. Honeywell design engineer Berry Yolken, 
who was a co-participant in the tests, stresses that all of the malfunctions occurred 
at integrated dose levels well beyond the environment of immediate interest in the 
investigations. 


their responses do not introduce addi- 
tional disturbances. The peak dose rate 
was 3.7 x 10 : Rocntgcns/sec. With 
the relay open (isolation diode uncon- 
nected), the peak current pulse during 
radiation was 94 microamperes. When 
the relay is closed, grounding the anode 
of the isolation diode, the peak current 
rises to 167 microamperes. The diode 
in the circuit is thought to complete 
the current path for carriers injected 
into the collector region by pulse radia- 
tion, causing greater changes in the 
circuit response. 

Semiconductor microcircuit resistors 
were tested and found to have a thresh- 
old of 10' Rocntgcns/sec., while thin 
film resistors, obtained from Melpar, 
exposed to 10’ Roentgens/scc. showed 
only negligible effects. 

An insulated gate device in a low im- 
pedance circuit operated without dis- 
turbance when exposed to transient 
rates up to 10’ Roentgens/sec. A good 


quality high speed transistor in a similar 
circuit probably would be disturbed at 
levels between 10' and 10’ Roentgens/ 

Field effect transistors have been 
found by Wcstinghousc to be more re- 
sistant to permanent radiation damage 
than a specific bipolar transistor type, 
but they have been speculated to be at 
this time no better than the best high 
frequency transistor available on the 

Since field effect transistors are ma- 
jority carrier devices, unlike bipolar tran- 
sistors, which arc minority carrier 
devices, they might prove to be more re- 
sistant to permanent radiation damage. 
The reasoning behind this is that the 
reduction of minority carrier lifetime in 
the base region of a bipolar device is 
thought to be the cause of permanent 
damage in bipolar transistors. 

Hughes tested field effect transistors 
for the transient environment and 
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CEC's 24-120A helium leak De- 
fector gives high sensitivity when 
checking for leaks in manned and 
unmanned space vehicles, cham- 
bers, or components. And, it locates 
leaks fast — pumping speed is 10 
lilers/second at the inlet. 

Portable, too, the 24-120A can 
be hand carried through small 
hatches or installed on a Mobile 
Test Port and Roughing Station. It's 
the lowest priced mass spectrom- 
eter leak Detector on the market. 

Versatile os well, the 24-120A 
tests both pressurized and evac- 
uated components. A built-in 
protection valve automatically 
eliminates all pressure surge or 
burst problems. Get detail ed infor- 
mation. Call or write for CEC 
Bulletin 24120-X7. 
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You’ll probably never need any of these five cables. 

But somebody did. And the same versatility and reliability- 
control which fit these special cables to special needs are now 
available to solve your cable problems. 

These are products of Rome's Special Products Facility, 
where unique cable constructions are everyday products. 

Cables like these can't afford to fail-there often isn't a 
second chance. So Rome insures reliability with a quality 
control program second to none, it tests each cable construc- 
tion continuously throughout construction and inspection. 


the first aerospace reliability contract ever awarded to a 
cable manufacturer. Its goal is to prevent cable assembly mal- 

Other cable constructions from Rome's Special Products 
Facility have proved themselves reliable on such projects as 
Hound Dog. Atlas, Mercury, and Sergeant. 

Our Special Products Facility brochure explains how you 
can fit Rome's unique experience, skills and equipment to your 
specific problems. Just send the coupon. 
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found them no better than the best 
high frequency transistors for this en- 
vironment. Marshall says he anticipates 
improvement, however, as the volumes 
of their channel-gate regions are reduced 
in more advanced devices. Somewhat 
better response was noted in the later 
of two field effect transistors made by 
Siliconix. Tire later one, which had 
smaller geometry, was found to be less 

Marshall contends that a complete 
thin-film circuit, including insulated de- 
vice, which could be made by a con- 
tinuous thin-film process, would be 
superior in the transient radiation en- 
vironment to either bipolar or unipolar 
(field effect) devices. Until such a system 
is practicable, he suggests the hybrid 
thin-film circuit for applications requir- 
ing equipment operation in the tran- 
sient environment. 

The tests conducted by the group 
here primarily used the Hughes Re- 
search Linear Electron Accelerator 
(Linac) which provides gamma rates up 
to 10" Roentgens/sec. Some transient 
and permanent effects work has been 
run at Godiva. 

To obtain gamma rays from the 
Linac, a tungsten target is mounted on 
the end of the Linac, and accelerated 
electrons striking it are converted to 
gamma rays by the so-called Brems- 
strahlung (follow) effect. 


The irradiated devices are situated 
in a 2-in. dia. circular aperture of a 
copper box. 

About 1 ft. high and 2 ft. long, 
the box shields experimental compo- 
nents from electromagnetic radiation 
that accompanies the irradiation. A 
shielded emitter follower feeds the 
monitoring instrumentation. 

The Hughes Linac permits pulse 
width selection from 0.01 microsec. to 
many microscc., but for the microcircuit 
tests a pulse length between 0.25 to 5 
microsec. was used. Bremsstruhlung 
leads to an energy spread from about 4 

than a fission spectrum. This Linac 
setup, however, allows a “moderately 
good simulation of the gamma spectrum 
of a nuclear explosion,” according to 
Hughes. Maximum rates from Brems- 
strahlung are 10' to 10* Roentgens/ sec., 
but rates up to 10 1 ” Roentgens/ sec. are 
possible if electrons arc used directly. 

Plans for future investigations of tran- 
sient radiation effects on microcircuits 
include: 

• Getting better statistical runs by test- 
ing more devices from a greater variety 
of manufacturing sources. 

• Examining field effect devices fabri- 
cated integrally in semiconductor micro- 
circuits. 

• Testing more thin-film insulated gate 
transistor devices. 


■ Hffiinnr' ■ 

^ FILTER CENTER ^ 

► ComSat Corp. Makes Study Awards- 
Contracts totaling about SI 50,000 have 
been awarded by Communications Sat- 
ellite Corp. to three companies to con- 
duct three-month studies of different 
techniques for providing multiple 
ground stations with simultaneous ac- 
cess to a communication satellite sys- 
tem (AW July 22, p. 333). Awards went 
to American Telephone & Telegraph 
Co., Hughes Aircraft and Radio Corp. of 
America. AT&T will extend previous 
studies which arc based on each ground 
station regulating its power output, 
while RCA will investigate use of a fer- 
rite limiter within the satellite. Hughes 
will study multiple access problem for a 
synchronous-type satellite including use 
of a traveling wave tube for simultane- 
ous amplification of 600 separate chan- 
nels. The RCA and AT&T approaches 
arc applicable to medium or synchron- 
ous altitude systems. 

► Flat-Plate Thernfoelcctric Cells Dis- 
appointing-Results of tests of small 
thermoelectric panels built by General 
Atomic and flown on two Air Force 
satellites were "considerably below ex- 
pectations," G. W. Glassburn, USAF's 
Aeronautical Systems Div., reported at 
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the IBM in your office 
can order parts from Airwork . . . 


just as this airline is doing. Orders are filled one 
week faster, the part number mistakes that creep 
into typed purchase orders are eliminated; you re- 
ceive packing slips and order status data in 
punched card or tape form so your IBM equip- 
ment can record receipt of the part, automatically 
follow up back orders, check billing details and 
give you an up-to-thc minute parts availability 
report. It eliminates the need for a hard copy 


invoice, can even prepare the check automatically. 
Airwork is the first major parts supplier to offer 
complete tie-in equipment to handle orders issued 
conforming to Air Transport Association Inte- 
grated Data Processing Specification 200. Airlines 
are reducing inventories and lead time by ordering 
from Airwork. Why don't you? 

The savings are all yours. 



the Aerospace Support Conference. 
Power output fell off shortly after 
launch and deteriorated 25% by the 
15th orbit for the three panels. Based 
on earlier laboratory tests, Classburn at- 
tributes the trouble to metal bonding 
problems. He concludes that perform- 
ance must be improved by a factor of 
5:1 in terms of life and power-to- 
weight/area ratio before such flat ther- 
moelectric panels will be suitable for 
most space applications. 

► Army Centralizes Inertial Guidance- 
Army has centralized all of its research 
and development on inertial guidance 
systems at the Army Missile Command, 
Huntsville, Ala. The inertial guidance 
activity will be centered at new Army 
Inertial Guidance Management Tech- 
nology Center at Redstone Arsenal, 
Huntsville, Ala. 

► Fast-Firing Ruby Laser-Rubv laser 
which fires at rate of one pulse per 
second with output power of two 
joules per pulse, is now commercially 
available from Maser Optics, Inc., 89 
Brighton Ave.. Boston, Mass. Com- 
pany claims it is the fastest-firing ruby 
laser on the market. 

► Automatic Voice Reports Minutcman 
Trouble- When a failure occurs during 
automatic checkout in an unmanned 
Minutcman ICBM silo, a red light 
flashes on the console of a launch con- 
trol center to alert human operator, 
who dials the faulty silo and receives a 
voice report from a tape recorder which 
describes nature of the trouble. The 
device, known as voice reporting signal 
assembly (VRSA), produced by North- 
rop’s I'Jortronics Div., is modifica- 
tion of the voice interruption priority 
system (VIPS) which company devel- 
oped for use on the B-58 to tell the 
pilot when one of 50 potentially hazard- 
ous conditions existed. The Minute- 
man VRSA contains 39 taped messages. 
The appropriate message is triggered 
bv the particular sensor or combination 
of sensors which detect the malfunc- 


► USAF To Test Lasers In Vacuum- 
Aeronautical Systems Div. will test laser 
characteristics under space conditions in 
a 33-ft. long, 2-ft. dia. vacuum cham- 
ber recently completed at Wright-Pat- 
terson AFB, Ohio. Chamber contains 
8-in. viewing ports at 30-in. intervals 
along top of the chamber. ASD cur- 
rently is funding about $6 million in 
laser technology, primarily through its 
Avionics and Materials Laboratories. 
This sum includes: 

• $1.5 million for 30 fundamental stud- 
ies to develop laser materials and meas- 
ure propagation characteristics of co- 
herent optical radiation. 

• $2.75 million for 40 research projects 


aimed at developing different types and 
configurations of a number of different 
laser devices, including the development 
of modulation and demodulation cir- 

• $1.75 million for programs to apply 
lasers to military applications such as 
communications, radar, navigation and 
guidance. 

► Auto-Checkout Equipment Pays Off- 
Use of automatic checkout equipment 
not only speeds testing of aircraft avi- 
onics equipment but also reduces sig- 
nificantly the logistics load by slashing 

cording to report given at recent Inter- 
national Aerospace Support Conference 
in Washington. Howard J. Anvil. Jr., 
Honeywell's Aeronautical Div., said that 
20% of the LABS low-altitude bomb- 
ing system components removed from 
F-100 D/F aircraft using manual check- 
out equipment, were found to be in 
good working condition when returned 
for repair, compared to only 1% for a 
similar LABS system used on the 
F-101B which was supported with auto- 
matic checkout equipment. Field data 
collected from two different Air Force 
F-104 squadrons, one using automatic 
checkout equipment, the other manual, 
revealed roughly twice as many com- 
plaints from pilots on performance of 


flight control system from the squadron 
which used manual testers. Anvil re- 

► Col. Lowell Enters Microcircuit Field 
—Col. Arthur C. Lowell, who sparked 
Bureau of Naval Weapons program to 
incorporate microcircuitry in its avionic 
equipment designs, has retired from the 
Marine Corps to become president of 
newly-formed company, General Micro 
Electronics Corp., Santa Clara, Calif. 
Other principals include Howard Bobb, 
Robert H. Norman and Philip Fergu- 
son, formerly employed at Fairchild 
Semiconductor Div. New firm intends 
imtiallv to specialize in microcircuits 
for special purpose computers, accord- 
ing to Lowell. 

► Signed on the Dotted Line— Major 
avionics contracts recently announced 
include the following: 

• Bcndix Eclipse-Pioneer Division, Te- 
terboro, N. J.. will supply four stabi- 
lized platforms for Saturn IB and 5 
boosters under $9 million contract from 
National Aeronautics and Space Admin- 
istration's Marshall Space Flight Center. 
Bendix is supplier of similar equipment 
for the Saturn 1 vehicle. 

• Livingston Electronic Corp.. Mont- 
goineryvillc. Pa., will investigate elec- 
trochemical systems suitable for high- 
energy batteries under $100,000 award 
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^ ^ Dr. Walter East 

“You name it, we’ll find a way to meas- 
ure it," our brash engineers keep assur- 
ing me. I like their spirit, even if it has 
been costly to me in the way of expen- 
sive dinner bets! 

It was with a measuring breakthrough 
that Electro Instruments was born. Our 
original Stepping Switch Digital Volt- 
meter was the first to substitute elec- 
tronically driven switches for mechani- 
cal needle movement devices. It quickly 
proved itself an ideal instrument for 
speedier, more accurate, more reliable 
ent — with u! ' ’ " 


other electronic 

These have lead to ways of refining 
many older measuring systems. But, 
more important, they have extended the 
areas in which our instruments, and our 
systems, can serve industry. 

The end result for which industry em- 
ploys measurement is economy ... be 
it in personnel . . . time . . . materials 
. . . investment. Looking through our 
“case histories," I ran across a number 
of outstanding examples of economies 
effected by use of Electro Instruments. 

I thought we might usefully present 
these to industrial engineers, execu- 
tives, superintendents, as ideas they 
might consider for their own operations. 

. I appreciate, will have 
uring problems t 


Many 

industrial _ , 

different from those cited in the 
amples. On this point, I think 
neers are worth re-quoting: "T 
it, we’ll find a way to measure 


Telescoping a job that once required 
500 man hours into a 33%-hour opera- 
tion is no mean feat! Yet a system 
employing an Electro Instrument Dig- 
ital Multimeter accomplished just that 
— for one of America's major space- 
craft* companies. 

What was involved was the testing of 
— i ~-cuit cards. Each of 10“" — J - 


produced daily by the company had to 
be given 32 separate tests for quality. 
It took an experienced electronics tech- 


nician and inspector 15 to 45 minute 
per card to perform the job. 

In the interest of speeding up this 
tedious job, experiments with an auto- 
matic electronic testing machine were 
begun. The eventual solution proved to 
be a punched tape system — designed, 
incidentally, by one of the company’s 
engineers — with an Electro Instru- 
ments Digital Multimeter employed as 

Each of the 1000 cards are now given 
the 32 quality tests in less than 2 min- 
utes — with results being displayed at the 
push of a button! (’Name on request) 


In many biochemical operations, re- 
corded profiles are necessary for accu- 
rate identification of compounds, and 
for purposes of quantitative assay. Used 
in connection with newly developed 
instruments capable of exciting mole- 
cules to a state of phosphorescence, 
Electro Instruments X-Y Recorders 
have proved a means of producing visual 
display of spectra without need for pho- 
tographic equipment or processes. 




Vertical Displays Have No Moving Parts 


from NASA’s Lewis Research Center. 

• Radio Corp. of America will conduct 
program definition study to design 
communications control center for mili- 
tary communication satellite under 
award by Army Satellite Communica- 
tions Agency. Center is to schedule 
satellite usage among many ground 
terminals. 

• The Magnavox Co., Ft. Wayne, 
Ind., will build AN/ARC-90 communi- 
cations sets for use on USAF-Lockheed 
C-141 transport aircraft under SI. 5 mil- 
lion contract from Aeronautical Sys- 
tems Div. 

• Airborne Instruments laboratory will 
design and build dual-band whip an- 
tenna for use on Apollo spacecraft 
under contract to North American 
Aviation's Space and Information Sys- 
tems Div. Antenna will handle simul- 
taneously voice and beacon functions in 


HF and VHF bands. Antenna will be 
furled around spacecraft parachute 
deck until pin-puller is released by a 
squib, allowing it to uncoil and spring 
"ng positi 


Inc., Lawndale, Calif., will de- 
velop silicon transistor capable of de- 
livering 50 w. RF power at 1 50 nrc. and 
another unit capable of delivering 10 w. 
RF power at 500 me., under two con- 
tracts from Army Electronics Materials 
Agency. Transistors are to be designed 
to operate from 2S v.d.c. 

• General Precision Aerospace, Kcarfott 
Div., Little Falls, N. J.. has received 
additional funding, for total of S2.2 
million, for development and produc- 
tion of airborne computer used in the 
Navy-North American A-5C (A3J-5). 

• Sylvania Electric Products Inc., will 
develop HF and UHF antennas capable 


of withstanding nuclear blasts under 
5494,650 contract from Rome Air De- 
velopment Center. Work will be per- 
formed at Waltham, Mass. 

NEW AVIONIC 
PRODUCTS 


NAND, AND and OR gate: a one-shot 
and a bistable multivibrator; and an in- 
dependent 2/2/T/3 AND gate. Avail- 
able is a tapped digital delay series with 
10-100-1 ,000 nanoseconds in two units. 

Each module measures 0.6 x 0.8 
x 0.0S5 in. and is designed for 
operation over ambient temperature 
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range of — 65C to 125C. Manufac- 
turer: Varo, Inc., 2201 Walnut St., 
Garland, Texas. 

• I ligli-spccd pico-annncter. Model 
417, has rise time of only 30 millisec- 
onds at one micro-microampere with 
zero drift quoted at less than 1% in 
eight hours. Instrument operating 



range is from 10"“ amp. full scale to 30 
microamps. Accuracy is quoted at 3% 
by the company. Manufacturer: Keitli- 
lev Instruments, 12415 Euclid Ave., 
Cleveland 6, Ohio. 

• Ultra-high-speed pulsed light source, 
Model STU-92, for use in transient 
photo-induced phenomena experimen- 
tation has application to research in 
organic and semiconductor material 
lifetimes. Instrument contains a Kerr 
cell pulscr which provides arbitrary' op- 
tical pulse shapes from a flash lamp 
whose output duration and triggering 
are in the nanosecond time range. One 


available pulscr shape is a trapezoidal 
waveform for semiconductor testing. 
Another is a 500-nanosecond pulse 
which can be clamped at its peak in- 
tensity with a fall time of less than 5 
nanoseconds upon command. Optical 
systems arc available either for narrow 
band operation from 0.42 to 0.7 mi- 
crons or for wideband use from 0.32 
to 1.2 microns. Manufacturer: Electro- 
Optical Instruments, Inc., 922 South 
Myrtle Ave., Monrovia, Calif. 

• Miniature annunciator. Model 0.75-S, 
in hermetically sealed case requires 
0.755-in. dia. mounting hole and meas- 
ures 1.6 in. long including terminals. 



Instrument, which can fuction as posi- 
tion. null or metering indicator, is 
available with sensitivities as low as 50 
microamperes. Manufacturer: The Trip- 
lett Electrical Instrument Co.. Bluff ton, 
Ohio. 


• Panoramic spcctnun analyzer, Model 
SPA-12, covers band from 10 me. to 
64 gc. (kmc.) in seven bands, with 
rated minimum sensitivity of at least 



minus 100 dbm. for the 10-700 me. 
range and of minus 50 dbm. up to 
64 gc. Tuning dial is accurate to 
within 1% with internal crystal-con- 
trolled markers for higher accuracy. 
Manufacturer: The Singer Metrics Div., 
The Singer Co., 915 Pembroke St., 
Bridgeport. Conn. 

• Wideband antenna multicouplcr, 
Model 308, for use in high-frequency 
(HF) communications or direction find- 
ers, uses all solid-state construction and 



permits operation of up to eight re- 
ceivers snnultancouslv from single an- 
tenna with output isolation of 40 db., 
according to manufacturer. Gain is 
flat over the 2-32 me. band. Device 
measures 9x11x15 in. deep, weighs 
5 lb. and consumes 15 w. Manufac- 
turer: Trak Electronics Co., Inc., 59 
Danbury Road, Wilton, Conn. 

• Micropowcr silicon transistor. Tvpc 
2N2784, with typical total switching 
time of 12 nanoseconds in saturated 
circuit applications, provides a gain- 



bandwidth product of more than 1 gc. 
(kmc.) Transistor, which uses new 
three-stripe geometric configuration, has 
a typical beta value of 70 at 8 ma., 
according to manufacturer. Aluminum- 
tn-aluminum bonding is said to elimi- 
nate catastrophic “purple plague” 
junction failures. Manufacturer: Svl- 
vania Electric Products. Inc.. 100 Sylvan 
Road, Woburn, Mass. 



Light-weight' X-Band Tubes Introduced 

New type traveling wave tube, called single-reversal focused, has 209? lower noise figure 

tubes with five models' operating in X-baiid region, with noise figures as low a 0.5 db 
and weighing onlv 8.6 lb. Hie single-reversal focusing principle soon will be applied to 
C-band tribes and later to millimeter traveling wave tubes in the 12--40 gc. (kmc.) baud. 
General Electric says. 



and SUNDSTRAND 


A NATURAL COMBINATION, when you 
consider Sundstrand’s capability to meet the 
technical and economic requirements for con- 
stant speed drives on supersonic transports. 

Through experience accumulated during the 
high mach performance of such key military 
aircraft as the B-58 and F-106, Sundstrand 
Aviation has compiled data on thermal con- 
siderations in high temperature operation. 
Concurrently, considerable information has 
been tabulated during in-house environmental 
testing of the secondary power generating sys- 


tem for the XB-70 air vehicle. 

Sundstrand Aviation has provided constant 
speed drives for most of the major commercial 
jetliners spanning the globe today. This in- 
cludes the Boeing 707’s, Douglas DC-8's, 
Boeing 720B’s, in addition to the new SUD 
Caravelle Super B, Boeing 727, and the forth- 
coming Fokker F-28. 

Now Sundstrand, with its extensive back- 
ground experience and advanced technology, 
is already working to meet the challenge of 
tomorrow’s commercial jetliner . . . the SST. 


SUNDSTRAND '63. ..WORLD'S LEADING SUPPLIER OF CONSTANT SPEED DRIVES V ~' 

« LIT 4 • 

SUNDSTRAND AVI AT ION 

DIVISION OF SUNDSTRAND CORPORATION, ROCKFORD, ILLINOIS 
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Checkout procedures on a newly manu- 
factured space vehicle— its every com- 
ponent, subsystem and finally, complete 
system— have until recently been a monu- 
mental task. The complete performance 
of each item was recorded, then either 
processed and analyzed using entirely 
manual techniques, or run through com- 
puters, translated into digital language, 
and then manually interpreted and com- 
pared with predetermined optimum stand- 
ards. Two to three weeks often elapsed 
before final approval could be given. 

auto-drape system— Automatic Data 
Recording and Processing Equipment- 
checkout time has been cut to a few days. 
The key to this time and labor saving sys- 
tem is simple: A "filter" device has been 


installed between the checkout signal and 
the analyst, auto-drape thus produces 
an "exception" report— a printed tabula- 
tion of vehicle functions not performing 
within preassigned limits. This advanced 
technique— which makes use of a real 
time, on-line digital computer— eliminates 
the need to manually examine some 80% 
of the data. 

With this system, engineers at Lock- 
heed Missiles A Space Company are now 
able to process data at the amazing rate 
of 40 Kc in real time. Based on these 
principles, Lockheed is also operating the 
vade system, currently performing 
launch readiness functions at the Pacific 
Missile Range. A further extension of this 
concept is being developed to process the 
telemetered signals of a vehicle in flight. 


LOOK AT LOCKHEED... AS A CAREER. 

Consider Lockheed's leadership in space 
technology. Evaluate its accomplishments 
—such as the Polaris missile and the 
Agena vehicle's superb performance rec- 
ords. Examine its outstanding advantages 
—location, advancement policies, creative 
climate, opportunity for recognition. 

Then write for a brochure that gives you 
a more complete Look at Lockheed. 
Address: Research & Development Staff, 
Dept. M-49A, P.O. Box 504, Sunnyvale, 
California. Lockheed is an equal oppor- 
tunity employer. 

SCIENTISTS £ ENGINEERS: In addition 
to positions relating to Automatic Check- 
out, such as electronic engineers special- 
izing in digital circuitry and logical design, 
other important openings exist for special- 
ists in: Laser research • Bio-astronautics 
• Guidance and control • Operations 
Research • Trajectory analysis • Gas dy- 
namics • Orbit thermodynamics • Chemi- 
cal and nuclear propulsion. 


M / SS/LRS & SPACE COMPANY 

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz, 
Santa Maria, California • Cape Canaveral, 
Florida • Huntsville, Alabama • Hawaii 


LOOK AT LOCKHEED. . . 

Reducing data reduction 


ECKOUT 
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SCHEMATIC OF MAJORITY -voting servovalve developed by Moog Scrvocontiols. Inc., 
East Aurora, N. Y. Schematic shows three-filter configuration and triply-rcdundant first 
stage of two-stage hydraulic amplifier (servovalve). In normal operation, three channels 
operate in parallel. 


High Reliability Servovalve Design 
Has Parallel First-Stage Channels 


Majority-voting servovalve, developed 
by Moog Servocontrols, Inc., East Au- 
rora, N. Y., is designed to provide high 
reliability demanded for manned space 
flight and eliminate need for failure-de- 
tection in redundant hydraulic systems. 

The majority-voting servovalve is a 
two-stage hydraulic amplifier with three 
parallel first-stage channels. Majority 
voting concept is based on the automa- 
tic overpowering of a single failed chan- 
nel by the remaining two channels. The 
servovalve, which is packaged in a 
single unit, provides the same order of 
reliability as a completely redundant 
system with no inherent time lag in- 
volved in switching from one system to 
the other, according to Moog. 

Normal Operation 

During normal operation, the three 
channels of the first stage operate in 
parallel at the same time driving a 
single, second-stage spool, which meters 
hydraulic fluid to the driven element. 
Either an active or passive failure in 
any one of the three first-stage channels 
would result in the malfunctioning 
channel being outvoted by the others. 

In the event of a single channel 
failure, tests have shown that near-nor- 
mal operation can be maintained. 
Primary degradation is flow gain, which 
falls off in the null area in a region of 


about 13% of full signal. Within 
this region, flow gain is reduced to 67% 
of nonnal. Outside the region, flow 
gain is nonnal. Thus, in event of single- 
channel failure, unit can operate within 
normal response times, according to 
Moog engineers. Magnitude of max- 
imum valve spool center shift is ap- 
proximately 5% of the full signal in the 
active channels and does not materially 
affect control operation. Unit would 
still operate if two of three channels 
failed but at reduced efficiency, depend- 
ing on type of failure. 

Brute Force Technique 

Reliability in the single second stage 
is increased by what Moog calls a brute- 
force technique to overcome jamming 
due to particle contamination or built- 
in burrs. Spool has been made consider- 
ably larger (approximately 0.5 in. dia.) 
than standard spool (approximately 0.18 
in. dia.) so that higher driving forces 
are available to break loose contamina- 
tion at metering edges or adjacent to the 
sliding surfaces. 

It is felt that driving forces of the 
order of 400 lb., (3,000-psi. system), 
when applied to an extremely hard spool 
with sharp metering edges, should be 
sufficient to cut through any reason- 
ably-expected contaminent. 

Failure protection, suggested by 
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Engineering Opportunities on LEM at Marquardt 


Marquardt's increasing capability in reaction control 
systems is evidenced by the company’s appointment by 
Grumman Aircraft Engineering Corporation to provide 
the critically important reaction control propellant sys- 
tem and thrust chamber cluster assemblies for the 
National Aeronautics and Space Administration's Apollo 
Lunar Excursion Module. LEM — the first U. S. vehicle 
that will operate exclusively in space — has created a 
number of exceptional career opportunities for engineers. 
Other programs recently awarded to Marquardt include: 
the reaction control engines for the Project Apollo Serv- 
ice Module; the ullage rocket engines for the Saturn IV 
B; and the reaction control system for Syncom II. 
These expanding programs, coupled with continuing 
company-sponsored research and state-of-the-art con- 
tracts, are responsible for the new assignments now 
open at Marquardt. A limited number of ground-floor 
opportunities presently exist for experienced engineers 
and scientists who want to join a dynamic company, 
well diversified in reaction control systems, electronics, 
airbreathing propulsion, and aerospace research. 


If you hold an engineering degree, and possess a back- 
ground in rocket motors and control systems, airbreath- 
ing propulsion, mechanical controls, propulsion cycle 
analysis, aerodynamic development, test instrumenta- 
tion, or test operations, you are invited to send your 
resume, in confidence, to Mr. Floyd Hargiss, Manager. 
Professional Personnel, at the address shown below. 


Dedicated to Keeping The United States First in 
Technology ^ 

'"XyHdrquarcIi 

/ CORPORATION 
16551 SAT/COY STREET, VAN NUYS, CALIFORNIA 
AN EQUAL OPPORTUNITY EMPLOYER 


Moog for upstream orifices and filter 
assemblies, is afforded by dual redund- 
ancy, since each of the two orifices and 
filter assemblies is able to serve all three 
first-stage channels. 

Feedback of the three channels of 
the majority-voting servovalve can be 
cither mechanical or electrical, although 
it is felt that mechanical feedback would 
offer higher reliability. Input can be a 
combination of both electrical and 
mechanical signals. 

Individual elements of the first stage 
of a suggested configuration are similar 
to standard Moog production servo- 
valves employing a torque motor and 
nozzle-flapper assembly. The electrical 
input signal to the torque motor creates 
an imbalanced force on the nozzle-flap- 
per assembly, which is rigidly connected 
to the armature through a flexure tube. 

The nozzle-flapper assembly rotates 
and flow from one of the nozzles on 
either side of the flapper is thereby re- 
stricted. This creates an unbalance of 
hydraulic force on the spool, resulting 
in movement in the direction of the ap- 
plied force. Fluid is metered to an actu- 
ator through metering ports opened by 
the spool’s translation, at a rate consist- 
ent with the displacement. Movement 
of the metering spool creates a feedback 
torque through a spring connected at 
one end to the spool and at the other 
end to the armature through the hollow 
flapper assembly. The spring force 
created by spool movement balances out 
the torque created by the torque motor 
at proper spool displacement. 

The resulting condition of torque 
equilibrium finds the flapper assembly 
back to a null position between orifices, 
which removes unbalanced hydraulic 
forces acting on the spool. The balance 
between input and feedback torques, 
then, produces spool displacements pro- 
portional to electrical input signals. 

The majority-voting servovalve, which 
would cost slightly less than twice as 
much as a standard servovalve, origin- 
ally was designed for use on Titan 3 
control system as part of Space Tech- 
nology Laboratories and Aerojet-Gen- 
eral’s unsuccessful bids. Moog sees ap- 
plications to manned space vehicles as 
well as aircraft required to fly at high 
speeds at low altitudes. 


Space Effects Lab 

The Virginia Assn. Research Center 
(VARC) in Hampton-Ncwporl News | 
will operate a Space Radiation Effects 
Laboratory which includes a S12.3 mil- 
lion synchrocyclotron lor the Langley 
Research Center, lire laboratory will j 
be administered by VARC for NASA j 
under a SI million a year cost-reimbursa- 
ble contract. The facilities will be com- 
pleted by early 1965 on 3-48 acres of 
surplus federal land. 


ENGINEERS 


solve tomorrow's 
tactical weaponry 
problems 

HONEYWELL 


Honeywell’s Ordnance Division in suburban Minneapolis recognizes the 
importance of tactical armament in tomorrow's weaponry and is seeking 
seasoned engineers who are no longer challenged by today's state-of- 
the-art. 

The division's growing engineering department is working, under 
contract, with key agencies in all services to conceive and design 
systems and hardware for ground launched weapons, helicopter and 
aircraft armament, reconnaissance and surveillance systems. 

To solve the multiple and complex technical problems of new 
weaponry, the Ordnance Division must immediately expand its capabili- 
ties in target identification (radar, IR. TV), small rocket propulsion, small 
rocket and projectile guidance, stability and control, fuzing and many 
other disciplines. 

TODAY WE HAVE KEY OPENINGS 
IN THE FOLLOWING AREAS: 

GUIDANCE AND CONTROL . . . Staff and * 



DYNAMICS. AERODYNAMICS AND STRUCTURAL ANALYSIS ,. 

Senior syslems engineers with BS and MSAE or ME and 3-8 years' experience in 
missile static and dynamic stability analysis, trajectory analysis, rigid and flexible 
body dynamics, and structural analysis and design. 

OPERATION ANALYSIS . . . Staff and senior positions lor individuals with 
MS or PhD in appropriate discipline. Experience required in one ol the following: 


IN ADDITION TO THE ABOVE AREAS. 
IMMEDIATE CAREER OPPORTUNITIES 
ARE ALSO AVAILABLE IN: 

Servo Analysis and Synthesis Wind Tunnel Test 

Solid State Circuit Design Quality Control (ME) 

Explosive Device Design Small Mechanism Design 

Fluid Systems Design AE, ME, & EE Design Evaluation 


INTERESTED? 

To arrange an interview call collect or write: 

DAVID D. HEALEY 
Honeywell, Dept. 640 
600 No. 2nd St. 

Hopkins (Minneapolis), Minn. 
WEst 5-5155 


Honeywell 
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■ Qualified Navigation Systems Designers, 

■ Experienced Electrical and Mechanical Engineers, 
competent in Airborne Hardware Design and development 

■ Test and Application Engineers, 

■ Circuit Designers and packaging specialists 
familiar with airborne applications and other 
professionals whose experience qualifies them to 

move up to the challenging and rewarding work of precision 
guidance/ navigation systems development 



SYSTEM DATA ANALYSTS 

Experience with large scale digital com- 
puters and data reduction techniques. 
Knowledge of curve fitting techniques, 
probability and vector and matrix anal- 
ysis is necessary. Knowledge of inertial 
guidance systems and error sources 
desirable. 

Will develop automated data reduction 
techniques starting with the mathe- 
matical model of the system, flight 
trajectory profiles, etc., and continuing 
through the detailed programming and 
analysis of data obtained from vehicle 
flight testing, sled testing, laboratory 
evaluation and environmental tests. 
Will be directly involved with data re- 
sulting from R & D flight testing at 
the Cape. 

COMPUTER SYSTEM ENGINEERS 

Experience with theory and design of 
programmable aerospace general pur- 
pose guidance computers. 

Will define the requirements, conduct 
design reviews, determine acceptance 
test criteria, and work on or lead the 
design improvements and develop new 
methods for using computers. 


SYSTEM OPERATION ANALYSTS 

Experience in total weapons systems 

Will determine guidance system opera, 
tional requirements from the standpoint 
of the overall weapons system or space 
vehicle. Will anticipate mission prob- 
lems related to the guidance/ naviga- 
tion system and recommend solutions. 


SYSTEM ANALYSIS ENGINEERS 

Experience in guidance and control 
analysis, control system optimization, 
error analysis and error propagation 
for internal guidance systems, servo 
analysis, trajectory analysis, or a combi- 
nation thereof. Knowledge of advanced 
chanics. Bode diagrams, root locus 
plots and LaPlace transforms highly 


Will analyze error sources in inertial 


tion to systems performance. Will con- 
duct servo analysis and solve trajectory 
problems using analog/ digital com- 
puters. Will construct mathematical 


SYSTEM DESIGN ENGINEERS 

Experience in guidance and control 
system design, configuration analysis, 
system test or evaluation, circuit 
theory, optical and inertial sensors and 

Will examine the state-of-the-art for 
broad application of inertial electrical- 
optical, and manually operated optical 
sensors for navigation and control of 
manned and unmanned spacecraft. Will 
conduct preliminary design studies of 
navigation and control techniques for 

spacecraft. 

SYSTEM INTEGRATION ENGINEERS 

Experience in integrating the various 

system and integration of the guidance 
system into the vehicle. Knowledge of 
inertial navigation, gyros and acceler- 

Will integrate components into the in- 
ertial guidance system and the system 
into vehicle, and solve problems of 
interface, such as grounding, signal 
isolation, and hardware and digital com- 


Other opportunities exist for System Test Engi- 
neers, Inertial Component Test Engineers, Inertial 
Component Application Engineers, Environmental 
Test Engineers and Mechanical Design Engineers 
with backgrounds in Package Design and Analysis, 
Thermal Design and Analysis and Vibration 

NOW, find out just what Honeywell in Florida can 


offer you. Just send a brief note describing your edu- 
cation, experience and specific area of work inter- 
est to D. C. Keese, 13350 U. S. Highway 19, St. 
Petersburg, Florida. We promise a prompt reply 
and probably an invitation to visit our facilities, 
meet our people and discover for yourself the 
added advantages of working and living here on 
Florida's Suncoast. 


Honeywell 


NEW AEROSPACE PRODUCTS 


Self-Starting Timer 

Mechanical timer is designed for use 
in missiles and satellites. Self-starting 
escapement permits automatic restart- 
ing of the timer, the manufacturer says. 

The timer, Model F-466, operates 
for 36 hr. Modification of the main- 



spring allows 300-500-hr. operation, ac- 
cording to the manufacturer. Device 
withstands 20,000 g forces in any direc- 
tion and operates at — 65F to +160F. 
An adjustment unit to regulate the 
timer’s 240-beat/min. rate is available. 
Output torque is 8 in./oz. which can 
be adjusted to 24 in./oz. by mainspring 
alteration. Escapement torque can be 
varied over a 4 to 1 range. The timer’s 
movement is 8 in. dia. by J in. long. 

Fairchild Space and Defense Systems, 
300 Robbins Lane, Syosset, L. I., N. Y. 

Fuel Booster Pump 

Centrifugal fuel booster pump is tur- 
bine driven by bleed air from a turbojet 
engine. Pump output increases or de- 
creases depending on the engine load 



in contrast to constant speed pumps. 
It has a 690 lb./lir. minimum capacity 
at 8 psi. Unit is 58 in. high and weighs 
1.6 lb. 

Romec Facility/Powcr Equipment 
Div., Lear Sieglcr Inc., 241 South Abbe 
Road, Elyria, Ohio. 


Hypergolic Bi-Propellant Valve 

Model 50X245 hypergolic on-off 
valve is designed for use in spacecraft 
attitude control systems. 

The valve consists of a single torque 
motor driving a bifurcated nozzle flapper 

It is designed for use with UDMH 
fuel and nitrogen tetroxide as oxidizer 
which arc metered separately. 

Internal leakage of less than 0.5 cc 
per day, zero external leakage and a re- 
sponse time of less than 5 millisec. with 
a minimum input of 10 w. are claimed 
by the manufacturer. 

Moog Servocontrols, Inc., East Au- 
rora, N.Y. 

Miniature Accelerometer 

Type LA45 linear accelerometer can 
be used on small missiles, stabilized 
platforms and gyro gimbals in guidance 
systems. 



Unit weighs 1 oz. and occupies 0.6 
cu. in. It is hermetically sealed in a 
stainless steel case with a 5,000-ohm 
potentiometer output and is available in 
the ±5-50 g range. 

Humphrey Inc., 2805 Canon St., San 
Diego 6, Calif. 

Biological Telemetry System 

Miniature biological telemetry sys- 
tem transmits electro-encephalographic, 
cardiographic, myograpliic and galvanic 
skin response data on free-moving hu- 
man and animal subjects. It can also 
provide temperature, respiration and 
subject activity information, according 
to the manufacturer. 

Transmission is FM/FM at 88-108 
me. with a 100-yard range, BioLink 
Model 334 telemetry system measures 
3.8 x 1.25 x 0.8 in. and weighs 2.5 oz. 
including the 30-hr. battery. Unit is 
presently available with 1, 2 or 3 chan- 
nel outputs. 

Biocom Inc., 5883 Blackwelder St., 
Culver City, Calif. 


ENGINEERS 

AND 

SCIENTISTS 

EXPANDING NEW DESIGN EFFORTS 
CREATE CHALLENGING OPPORTUNI- 
TIES FOR TOP-FLIGHT SCIENTIFIC 
AND ENGINEERING PERSONNEL IN 
THE FOLLOWING AREAS: 


SCIENTISTS 



AIRCRAFT STRUCTURES ENGINEERS 


AIRCRAFT DESIGN ENGINEERS 


SPECIALIST— Musi be knowledgeable 






A/so openings for: 

FLIGHT TEST ENGINEERS 
TECHNIGAL CONTRACTS ENGINEERS 
AIRCRAFT SERVICE MANUALS 
ENGINEERS 
NUCLEAR ENGINEERS 


L0CKHEED-GE0RGIA 

COMPANY 

A Division of Lockheed Aircraft 
Corporation 
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INTERNATIONAL 
AIR TRANSPORT 

October 7, 1363 


To meet the information challenge created by the interna- 
tional character of aviation, AVIATION WEEK & SPACE 
TECHNOLOGY publishes each year an issue devoted to 
international air transport progress. This issue is received 
with such enthusiastic response that it will again be greatly 
expanded to provide the most comprehensive analysis and 
forecast of the air transport industry and its technical 
developments. 

Publishing date is October 7, 1963. timed to coincide with 
the annual general meeting of the International Air Trans- 
port Association ( IATA ) in Rome. Copies of the issue will 
be flown to Rome for distribution at the opening plenary 
session to airline presidents, IATA delegates and other 
world aviation leaders. 

Issue theme will be the current problems in international air 
transport including bilateral agreements; rates and tariffs; 
flight equipment; passenger, mail and cargo traffic; air traffic 
control; the capacity issue; exchange of international routes. 
Other subjects essential to a full analysis of the airline indus- 
try world will be stressed including trends in supersonic 
transport development; military transport operation; survey 
of Russian and Communist Bloc airline activity; impact of 
U.S. international transport policy on world political and 
industrial relations. 

Feature treatment will be given to trends and projected fu- 
ture prospects for traffic growth and development of flight 
equipment in all major world markets. North and South 
America, Atlantic. Pacific. Europe. Africa. Middle and Far 
East. Amply illustrated, it will also contain specially pre- 
pared charts and graphs to show growth and forecast trends. 
This impressive list of topics slated for coverage will involve 
the world-wide editorial staff of AVIATION WEEK & 
SPACE TECHNOLOGY. Timeliness of the issue date cou- 
pled with AVIATION WEEK’S reputation as the authorita- 
tive, respected voice of international aviation promise to 
make it the most important advertising opportunity of the 
year for your equipment, products and service to the air- 
lines. Identify your role in air transport at a time when at- 
tention will be focused on major industry issues. 


Aviation Week 

& Spate Technology 


West 42nd Street 


McGraw-Hill Publication / 330 




1. Y„ 10036 


MERGERS AND ACQUISITIONS 


Litton Industries and General Mills 
report their boards of directors have ap- 
proved in principle the sale of General 
Mills’ aerospace research and engineer- 
ing department in Minneapolis, Minn, 
for an undisclosed sum of cash. Gen- 
eral Mills facility employs about 200 
people engaged in R & D work in up- 
per atmosphere physics, microbiology, 
communications sciences, and metal- 
lurgy and materials research. 

Consolidated American Services, Inc. 
(CONAM), Hawthorne, Calif., a sup- 
plier of non-destructive testing, missile 
cleaning, and nuclear decontamination 
services has acquired the assets of Facili- 
ties Management Corp. in a diversifica- 
tion move. FMC has a current contract 
with the Air Force for the operation of 
its installation at Wake Island. The 
acquisition was for an undisclosed 
amount of stock. 

Teledyne, Inc., Hawthorne, Calif., 
and Sprague Engineering Corp., Gar- 
dena, Calif., are planning a merger. 
The transaction, subject to approval of 
stockholders and the California Com- 
missioner of Corporations, would in- 
volve a stock exchange. 


Amphenol-Borg Electronics Corp. 
has acquired a substantial minority in- 
terest in Dai Ichi Denshi Kogyo K. K., 
a joint-venture company formed in 
Tokyo to manufacture electronic and 
electrical components. 

Thompson Ramo Wooldridge, Inc., 
has sold its Dage Television Div., manu- 
facturers of closed-circuit TV, to Har- 
vey-Wells Corp. for an undisclosed 
sum. The division will continue opera- 
tions in Michigan City, Ind., as Dage 
Television Co., a division of Harvey- 
Wells. 

Aero-Chatillon Coq>. of New York 
City has acquired the A. H. Emery Co., 
of New Canaan, Conn, for 85,000 
shares of Aero-Chatillon common stock 
and 16,732 shares of newly created 6% 
preferred stock. A. II. Emery Co. 
manufactures hydraulic load cells for 
sensing instruments, totalizing relay de- 
vices and indicating equipment. 

Imperial Thermal Systems, Inc., of 
Buena Park, Calif., has acquired the 
Thermal Systems Branch of Advanced 
Structures, a Div. of Telecomputing 


Corp. for an undisclosed amount. The 
acquisition extends Imperial Thermal 
Systems’ capabilities in the aerospace 
and military ground support field. 

VSI Corp., Pasadena, Calif., has ac- 
quired the assets and business of Win- 
tronics, Inc., Hawthorne, Calif., for an 
undisclosed cash sum. Wintronics 
manufactures reed relays and related 
products. The new acquisition will be 
operated as the Wintronics Div. of 
Michigan Magnetics, Inc., Vermont- 
ville, Mich. 

Presstite Div. of Martin-Marietta, a 
manufacturer of aerospace sealants, has 
been acquired and is being operated as 
a division of Interchemical Corp. It was 
acquired in a $6-million transaction. 

International Telephone and Tele- 
graph Corp. has agreed on terms for the 
acquisition of Cannon Electric Co., Los 
Angeles, Calif. Cannon makes plug and 
receptacle assemblies for industrial, 
commercial and military-space use. The 
acquisition is subject to approval by 
shareholders of Cannon and the legal 
counsels of both companies. 

IMC Industries, Inc., Memphis, 
Tenn., has purchased Airborne Elec- 
tronics Inc., also of Memphis, through 
a stock exchange. 



The one oscillograph 
paper for widest range 
of trace velocities 

ANSCO 

LINATRACE® A-4 

You will find the speed and latitude 
for fast or slow writing speeds— for 
high frequencies or low— in Lina- 
traee A-4. For complete details on 
this unique paper write to General 
Aniline & Film Corp., Dept. LJ, 
Binghamton, N. Y. 
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Electrical Engineers 

Mathematicians 

Melpar’s Flight Simulation Laboratoiy has immediate 
need for engineers and mathematicians in the follow- 
ing areas: 

• PRELIMINARY DESIGN 

For the development of mathematical models and tf 
test criteria utilizing thi 

• SYSTEMS DESIGN 


i laboratories SDS 920 digital computer. 


systems a 

• PROGRAMMING 


it of analog computer systems for flight 


JOHN A. HAVERFIELD — Mona: 


MELPAR f inc 


PROJECT: F-lll and other Aerospace Programs 


MAJOR ASSIGNMENTS open in: 


PROPULSION AND THERMO DESIGN 


RELIABILITY DESIGN SURVEILLANCE 


General Dynamics/ Fort Worth has immediate requirements in 
the areas described above. For a confidential review of your 
qualifications, please submit resumes or letters of inquiry to 
J. B. Ellis, Industrial Relations Administrator-Engineering, 
General Dynamics/ Fort Worth, P. 0. Bo* 748, Fort Worth, Texas, 
An equal opportunity employer. 


ENERAL DYNAMICS 


FORT WORTH 


GIIIIIIIID 


WHO'S WHERE 

(Continued from page 2?) 

Changes 

General Dynamics/ Astronautics, San Di- 
ego, Calif., has named the following as chief 
engineers: Ernest Wade-electrical and elec- 
tronics; David J. Peery-structures; Michael 
Dublin-flight mechanics; Paul D. Ferrara-ad- 
ministration. 

A. F. Johnston, public relations manager. 
Hawker Siddelcy Group Limited, London. 

Harris D. Gilbert, director of contracts, 
Martin Co.'s Baltimore (Md.) Div. 

Robert H. Hollister, director of military 
marketing, Motorola Overseas Corp. 

Dr. Richard F. Hoglund, director of Pur- 
due University’s aerospace science labora- 
tories, Lafayette, Ind. 

Dr. Robert R. Sparacino, director of re- 
activities, General Motors AC Spark Plug 
Div., with headquarters at the El Segundo 
(Calif.) laboratories. 

James F. Orr, manager, Industrial Div. of 
Tracerlab, Waltham, Mass., a division of 
Laboratory For Electronics, Inc.; David K. 
Hart, assistant director-engineering product 


k Electror 

Corp., Costa Mesa, Calif, 

Vincent J. Bramlet, head, Product Devel- 
opment Dept., Wasatch Div, of Thiokol 
Chemical Corp., Brigham City, Utah. 

Dr. Philip Leigh, project cngineer-Lancc 
Missile Project, Donner Div. of Systron- 
Donner Corp., Concord, Calif. 

Clifford W. Gotaas, manager of agency, 
interline and military salcs-Pacific-Orient, 
Trans World Airlines, Inc., with offices in 
Los Angeles, Calif. 

Warren E. Kraemer Associates, appointed 
marketing consultant to KLM Royal Dutch 
Airlines in the U.S. Prior to forming his 
aviation consulting firm, Mr. Kraemer was 
first vice-president-traffic and sales of Scan- 

Dr. Gerald H. Rosen, senior research 

S sicist, Department of Electronics and 
itrical Engineering, Southwest Research 
Institute, San Antonio, Tex. 

Dr. Samuel H. Brook, head. Reliability 
and Statistics Dept., Engineering Div., San 
Bernardino (Calif.) Operations of Aerospace 
Corp. Also: Frank Rcfalo, director of sup- 
port systems. Mobile Mid-Range Ballistic 
Missile Program (MMRBM), San Bernar- 
dino Operations. 

J. R. Humphreys, chief of design and 
value engineer, Lear Jet Corp., Wichita. 

Donald F. Brosnan, director, Application 
Engineering Div., Honeywell Electronic 
Data Processing, Minneapolis, Minn. 

Donald L. Hucbsch, manager, Western 
Regional Office of Philco Corp.’s Aeronu- 
tronic Div., Newport Beach, Calif., succeed- 
ing Steig G. Gavelin, now new product 
development engineer in Aeronutronic’s Re- 
search Laboratory. Other Aeronutronic ap- 
pointments: James A. Trutter, manager, Air 
Force Programs, Eastern Regional Office, 
Washington, D.C.; Randolph P. Gibson, 
assistant manager, Midwestern Regional Of- 
fice, Dayton, Ohio, 
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Design for Peace 


Join us here where there is a future for you second to none. Here 
our projects include Giant C-141 jet transports . . . Intercontinental 
C-130 turbo-prop transports . . . JetStar passenger craft . . .“Hum- 
mingbird” type VTOL aircraft . . . Rockets . . . Nuclear Products 
. . . Nuclear Research . . . Avionics Research . . . Operations Re- 
search . . . Cryogenics Research . . . Systems Research . . . Mathe- 
matical Research . . . Material Sciences Research . . . and scores 
more interesting long-range projects. 

Openings in the fields of: Aircraft Structures (Basic Loads, Strength Analysis, 
Fatigue Analysis) . . . Flutter and Vibration . . . Sound and Vibration . . . Air- 
craft Research Engineering . . . Flight Test Engineering . . . Aerodynamics . . . 
Operations Research. 

tv rile to: Thomas I. Thrasher, Professional Employment Manager, Lockheed- 
Georgia Company, 834 West Peachtree Street, Atlanta 8, Georgia, DeptFF-75. 

Lockheed-Georgia Company 

A Division of Lockheed Aircraft Corporation 
An equal opportunity employer 
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Ik/ome 400 years ago, man s views concern- 
ing outer space were relatively simple — and obvi- 
ously inaccurate. Today’s space advances require an 
ever-increasing understanding of the physical and 
operational environments of manned space flight. 

If yon understand the environments of space 
vehicles and your background includes: guidance, 

tude control, or space data processing and communi- 
cations, you are invited to investigate the many 
career opportunities available at IBM. 

The IBM Space Guidance Center, as guidance 
system integrator for the Gemini program, is devel- 
oping the Gemini computer as well as improved 
docking/rctrieving and re-entry techniques for 
NASA. The Center is also developing the guidance 
computer and related equipment for the Saturn pro- 
gram. IBM 's on-board data processor for the Orbiting 
Astronomical Observatory is further evidence of the 
professional level of accomplishment by our space 

Current studies at the IBM Space Guidance Cen- 
ter— in central New York State, bordering on the 
-include re-entry 


guidance and control, and space station data m 
agement and communications. IBM is an Equal 
Opportunity Employer. 

Please write, outlining your major interests, profes- 
sional experience, and qualifications. Your corre- 
spondence will receive our personal and confidential 
attention. 

Clinton H. Grace, Dept. 524H2. 
Manager of Engineering Laboratory 
IBM Space Guidance Center 
Owego, New York 

I® FEDERAL SYSTEMS DIVISION 

I’jpmiE iiEiMiii eissf iis 



Aircraft Specialists— -Opening. available for 
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THE OPPORTUNITY 


Grumman has the ’mix' forthe engineer or scien- 
tist concerned with the design and development 
of advanced space systems. The LEM (Lunar Ex- 
cursion Module) is a case in point. Providing 
multiple challenge and encompassing a variety 
of missions that include lunar landing and ren- 
dezvous, the LEM is regarded by many engineers 
as the nation's most ambitious space program. 

With the most advanced laboratory and test 
facilities at his fingertips the engineer working 
on LEM can subject new theories and designs to 
immediate verification. 

The work atmosphere, unique in its informality 
encourages him to move in a direction where his 
talents best lie. 

In brief, Grumman offers the space-oriented 
engineer and scientist opportunity, not in a single 
narrow area, but rather in the amalgam of pro- 
grams, facilities, and work conditions that can 
bring him to his optimum professional level. The 
spread of immediate opportunity exists in the 
following areas: 

ELECTRONICS ENGINEERING 

Stabilization & Control • Navigation & Guidance • Space 
Power Supplies • Ground Support Equipment • Digital 
Data Processing • Communications Systems 
SCIENTIFIC COMPUTING FACILITY 
Analog/Digital/Hybrid • Mathematics • Research • 

MANUFACTURING ENGINEERING 

turing Cost Analysis / Metrology • Production Methods 

• Tool Design • Industrial Engineering 

DESIGN ENGINEERING 

Energy Absorption • Fluid Power • Environmental Con- 
trol & Life Support Systems • Cryogenics • Crew Pro- 
visions • Rocket Propulsion Systems • Rocket Propulsion 
Systems Testing • Airborne Equipment Design • 
Structural Design 
FACILITIES 

INSTRUMENTATION 

Transducers • Digital Techniques 

SYSTEMS TECHNOLOGY 

Human Factors ■ Systems Synthesis • Systems Analysis 

• Data Processing Systems • Systems Integration 
Sensor Systems • Control Systems • Systems Simulation 

• Programming Analysis ■ Systems Test Planning & 
Coordination • Reliability & Maintainability Engineering 

• Electronics Parts Applications • Reliability Propulsion 
Test • Reliability Statistics • Weight Optimization 
ANALYTICAL ENGINEERING 

Aerospace Frames Stress Analysis • Heat Transfer & 
Thermodynamics • Rocket Propulsion Systems • Fluid 
Mechanics/Gas Dynamics 




GRUMMAN 

‘AIRCRAFT ENGINEERING CORPORATION 
Bethpage-Long Island • New York 
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ZERO IN 
ON THE 
ZODIAC 


Astro-navigators are learning what the anddigitalcomputerswhichwillprovide 

stars are like on the other side of simulationcomputationsforthecom- 

space, with simulation equipment plete GEMINI Mission. Link scien- 

like Link’s Star Field Projector. A tists and engineers are exploring 

quick flick projects any portion K a variety of approaches in the so- 

of the sky and its constellations B B B B lution of Training Device prob- 

- in any season, for visual refer- B B B B lems. They enjoy salaries that are 

ence. Link’s activities in Simula- E among the best in the field, un- 

tion equipment run the gamut usual job stability, and every op- 

from the Model 60, General Avia- portunity for professional advance- 

tion Trainer for student pilots, to ment. Qualified individuals are in- 
entire weapons systems like the F-4C. vitedtojoin the Link Division of General 



OPTICS. Diversified programs in geometric and physical optics has created high interest areas which in- 
clude improvements in metrology, automated electro-optical systems, photogrammetry, interferometry, pat- 
tern and character recognition and visual systems. 

TACTICS. Must have comprehensive background in the design and development of simulators and fire control 
systems, simulation of bomb navigation systems, land mass systems, etc. 

AERONAUTICS. Must have intensive background in equations of motion/space vehicles. A Mechanics or 
Physics education is requisite. 

ELECTRO-MECHANICS. Previous experience should be in field of simulators and specifically in area of 
controls and cockpit layout. 

ELECTRONICS. Should have rigorous background in the logical design of special purpose digital comput- 
ers for aircraft or space vehicle applications. 

SYSTEMS. Past professional experience should encompass the systems design of space or airborne sys- 
tems utilizing analog and/or digital computers. 

RELIABILITY. Responsibilities will involve creation of reliability portions of proposals, analysis of designs 
on active contracts and preparation of reliability estimates. 

LINK DIVISION 

<§&"@Bra!e8S 

Pg|I©D@D@KW 

SIMULATION & CONTROL GROUP 

BINGHAMTON, NEW YORK An equal opportunity employer 
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ADVERTISING 


Searchlight Section 

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE 


DISPLAYED RATE: UNDISPLAYED RATE: 



NEED AIRLIFT? 


1. Lifted over 1,012 automobiles, 
trucks, jeeps, station wagons, 
armored cars, trailers, artil- 
lery pieces, and other wheeled 
units. 

2. Moved over 1,800,000 pounds 
of cargo, empty drums, gener- 
ators, jet engines, and hy- 
draulic lifters. 

Interocean OlWAitt. are equipped 
with a portable ramp which al- 
lows a world-wide vehicle moving 
capability. With this unique fa- 
cility and the ability to move 
pieces up to a length of 80 feet 
at economical costs, a new flexi- 
bility has been introduced in the 
air transportation market. 

Interocean will quote for char- 
ters, short or long term lease. 
Please call Sales Department 
Luxembourg Tel. 41411, cable 
Interocean, or telex Luxembourg 
506. 


In the past eight months INTER- 
OCEAN AIRWAYS S.A Cm w. have: 



INTEROCEAN ATL-98 (3uwWU- 


INTEROCEAN AIRWAYS S.A., LUXEMBOURG AIRPORT, G.D. 



LOCKHEED 1049H's 

FOR SALE OR LEASE 

142,000 Take Off Weight — Convertible 98 Seat Interior 
Loaded with Spare Parts & Quick Engine Changes 
Now Operating MATS Contract 
Sale — Exceptionally Low Installments 

TRANS INTERNATIONAL AIRLINES INC. 

P. O. Box 2306 Airport Station 
Oakland, California 
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Searchlight Section 


FOR SALE 

LEASE OR LEASE-PURCHASE 

Specially engineered, long range, high payload 

1049H SUPER CONSTELLATION AIRCRAFT 

• Most economical long-range, high-payload aircraft available 

• Special engineering on aircraft permits payloads of 45,000- 
pound cargo or 120 passengers for 2500 mile range 

• Either in cargo, passenger or convertible configuration 

• Financing available 

lot flexibility, payload capadly and economy In operation. 


C-46, DC-4, DC-6, 1049H Constellation Aircraft 
Wright Compou nd 335 0-EA-3 Engines 

Fred Benninger 
Executive Vice President 
THE FLYING TIGER LINE INC. 

Burbank, Calif. 

Tel.: TRiangle 7-3411 Cable: Flytiger 


I REPLACES ELECTRONIC TRAINERS- 


LINKS FOR SALE 

ANT-18S WITH AUTO-DEHMEL RADIO 
AIDS— S5000 EA. 

ANT-18'S WITH LINN RADIO AIDS— 


FLIGHT SAFETY, INC. 

MARINE AIR TERMINAL. LaGUARDIA AIRPC 
FLUSHING. N. V. 11371, HA 6-3380 


U MACHINERY COMPANY 


AN INVESTMENT! Productive advertising in an INVESTMENT 
rather than an EXPENDITURE. 

results. 8 S< anably rep ° rt P ron ’P < and S ‘" 1S,aC ' 0ry 

BE CONVINCED — send us your advertisement TODAY. Address Classified 
Advertising Division. 

AVIATION WEEK, P. O. Box 12, New York, New York 10036 



AIRCRAFT FOR 

OOUUAs'oVt 

LEASE 


|;ooooo zvx 



INTERNATIONAL AERODYNE, INC. 

11319 Vanowen Street 

P. O. Box 3007 

North Hollywood, Califo 

nia 

Telephone 877-7103 Cable: 




Mr. Used 
Equipment 
Dealer: 

When you advertise in the Search- 
light Section . . . You have hired 
your most persuasive salesman: 
He's efficient ... He thrives on lor 
hours ... His territory is the entire 
nation . . . and overseas . . . 
doesn't see buyers of used and new 
surplus equipment: They see ! 
—regularly. They depend on h 
He is Searchlight— The section of 
this publication where wise dealers 
advertise and list their stocks for 

SEARCHLIGHT 

SECTION 
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LETTERS 


That Vexatious “V” 

In regard to the latest political quip, "V 
lor Vexations" on p. 21 of the July 8 issue. 
I'm sure our senior naval officers are not as 
uninformed as would appear. 

For a couple of places that a meaning for 
"V" might be found: BuWcps Inst. 
1 3100.1 A and the non-rated enlisted man's 
Airman Manual. I’m sure the)' are aware 
of these, providing the “old'' system were 
in effect concerning designations. Under the 
“new” system I sincerely believe they 
couldn’t have known. The “new” designa- 
tions arc wonderful to write about, as long 
as the “old'' designation is in parenthesis 
so we know the plane's function, series 
and builder. Example: TFX (FA-l-Y). 

D. R. Ford 
Lt„ USN 
VF-84 

“Jolly Rogers” 

More Victims 

Mr. Pollack, I’m certain, speaks for a 
large segment of pedestrians at air terminals 
in his “Idlewild Walkathon" (AW June 24, 
p. 126). I too have run the marathon and 
was saved at the last minute by a taxi patron 
who was kind enough to ride the loop so we 
could make connections. 

le issue, re: San Francisco Ex- 


While inbound to Idlewild 
Airlines Electra, running an hour late and 
thus facing a close connection with Ameri- 
can Airlines, I noted with more than casual 
interest the recent comments of Mr, Pollack 
(AW June 24, p. 126) regarding ". . . the 
. inflicted on the traveling 
' ' airport.” However, 


of its reader s on the issues 

magazine's editorial columns. Address 
letters to the Editor, Aviation Week, 
330 W. 42nd St., New York 36, N. Y. 
Try to keep letters under 500 words and 
give a genuine identification ^ We will 

of writers will be withheld ’on request. 

confuse the traveler with irrelevant direc- 
tions. And then as I stumbled out into the 
hot sun there had been the classic New 
York cab driver refusing my offer of a cost- 
plus contract for intra-terminal service. All 
this had been capped by the therapeutic re- 
lease of expletives as I ran cross-country 
over ditch and dale (imparting very specific 
instructions as to just where one could put 
the entire Checker Cab Co.), and concluded 
thrill of 


by the 


;e 707 


tainablc distance with the entry ramp si 


minal architects have used the same kind of 
imagination and engineering ability that 
shopping plaza designers have used in allow- 
ing as much opportunity for exercise as 
possible. 

The economics of single-level construction 
over multi-level construction still dictates 
the basic concept of terminal design, and 
functional design appears to be “old-fash- 
ioned." With the increased speed of air 
travel, passengers should realize that they 


me to mention something a group of my 
pilot friends were discussing years ago when 
the "architects" were beginning with the 
Muddle. Our unanimous opinion was that 
a scries or system of subterranean tunnels 
be used with moving sidewalks or conveyor 
systems for foot traffic. Each carrier in his 
' ninal area would have a descending and 




to an underground moving walkway to a 
center or "hub”-thcn one gets off the 
“TWA walkway” with bag ana goes to the 
“UAL or Lufthansa” walkway ana continues 


without i 

National carrying of luggage. To make up for the 
late and drivers not needed to drive the not-needed 
Dulles-type vans, certain attendants would 
be at strategic points along these under- 
ground walkways for assistance purposes. 


public at t 
being of 

forewarned by Mr. 
relying on the airport bus, and not being 
hampered by the "limited intelligence” 
ascribed to the “Sc.D." degree-I faced the 
pending encounter full of confidence! 
Twenty minutes later as I collapsed into 


is soothed by the whine of the starting 
jets and I had occasion to review in my 
mind the preceding festivities which had 
marked my re-acquaintance with Idlewild. 
There was the magnificent absence of both 
signs and uniformed personnel which only 
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European Routes 

After reading James R. Ashlock’s report 
(AW Aug. 5, p. 41) dealing with the hear- 
ings before the CAB concerned with that 
agency's plans to divide the existing air 
routes to Europe between PAA and TWA, 
' ' the traditional 


First off, Mr. Flynn says that American 
carriers are now getting 41.7% of the 
North Atlantic passenger business with only 
40.7% of the scats. That means we are 
doing better than our foreign competitors. 
Yet Mr. Flynn analyzes that it would be 
better to lose some of this to our competi- 
tors, which he says will happen under his 
plan. He even spells out that PAA will lose 
35,000 ’ ' 

1964 u 


going down as the volu 
Then, Mr. Flynn s _ 
TWA should concentrate oi 






News, no lunch at all in New York, and 
have dinner at 35,000 ft. en route to Los 
Angeles— and not have the foggiest idea 
when one’s baggage would catch up. 


Idlewild Tunnels 


, let the rest go to the com- 

petitors. Is the narrowing of the base of a 
business economically sound? I thought 
most businesses were always trying to 
broaden their base in order to protect them- 
selves from losses in specific areas. Finally 
res TWA Senior Vice President 
. agree with the CAB and to add 
TWA and PAA are dissipating them- 
selves in competition when they should 
really be ganging up on the foreigners. I 
thought that competition— from whatever 
source— was always good for business. Isn’t 
that what they keep telling us most of the 
time? Or is that something only for "pub- 
lic” consumption? 

It becomes a strange world when one 
governmental agency piously condemns 
price-fixing, monopolies, cutting-up of mar- 
kets, et al, as "dirty business” and who wails 
loudly about something called free enter- 
prise, open competition, et al, while another 
agency takes an oath and swears that it is 
not true at all and insists upon using its 
awesome powers to keep it from happening. 

Malden Gkance Bishop 
Three Rivers, Calif. 

PSA Operation 

Your publication arrives a little late here 
in Indonesia, but it should not be too late 
to comment on your July 1 article entitled 
“Non-Regulated Operation Benefits PSA" 
(p. 48). You abbreviated the title. It should 
contain the added words “At The Expense 
of Regulated Carriers.” 

I was surprised to see such an article car- 
ried without any hint of the controversial 
aspect of PSA. It must be obvious to all 
stepped in and skimmed 
lucrative Los Angeles- 
San Francisco market, not by the good man- 
agement you imply in the article but merely 
by circumventing the normal processes of 
law which must be adhered to by scheduled 
airlines. 

If this company were required to play the 


they might sr 
champagne and caviar in the airline busi- 
r article paints a distorted picture. 


Odis F. Burris* 

Technical Advisor 
Caruda Indonesian Airways 
erly, Director-Communications, 
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Nosey ! 


Collins Weather Radar sniffs out 
troublesome weather miles ahead. 

It’s a nosey radar built by nosey — sometimes 
called "creative”— people. Their curiosity has 
produced a most inventive, practical product. 

Collins WP-103 Weather Radar offers 
you the maximum in freedom-from-obsoles- 
cence, performance, reliability, dollar value 
and industry acceptance. It is a product bred 
from modern electronic concepts and lengthy 
environmental testing and evaluation. In- 
volved in a never-ending program of improve- 
ment by "nosey" design engineers, it is typi- 


cal of all Collins products. The WP-103 
symbolizes the Collins philosophy of max- 
imum user benefit, customer service and 
satisfaction. 

If, in the future, you plan to purchase 
radar (or any other equipment from Collins 
complete line of avionics), talk to one of 
our customers. They are our best salesmen. 

P.S. If you are ready to buy now, see your 
nearest Collins distributor or write: 


COLLINS RADIO COMPANY • Cedar 
Rapids • Dallas • Los Angeles • New York 
■ International Division, Dallas 
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There is an approved 

lightweight Elastic Stop® nut for whatever goes up! 




ESNA, the innovators and world’s largest manufacturer of self-locking fasteners 
for t'he aerospace industry, stocks over 80,000,000 pieces of lightweight Elastic 
Stop nuts (including all MS, NAS, AN types) for every type of air and space 
craft or avionic equipment. A complete product line that offers the economy and 
convenience of one source to meet the full range of fastener shape and size 
requirements of most design engineers! And, to assure constant availability, 
ESNA maintains four strategically located stockpiles ini Union, New Jersey, 
Kansas City, Missouri, Beverly Hills, California and Antwerp, Belgium. 



Here’s just a select sample of the diverse types, styles and sizes that ESNA 
produces and stocks as standards! To see the full ESNA line, write for your copy 
of the new ESNA VISUAL INDEX of miniaturized lightweight designs; high 
temperature designs and guaranteed high performance high tensile parts. 
( Nothing like it in the industry! ) Dept. S78-825. 

ELASTIC STOP HUT CORPORATION OF AMERICA 

2330 Vauxhall Road, Union, New Jersey 



